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I . INTRODUCTION
This report summarizes a series of field experiments
performed at Vandenberg AFB, California (VBG) during 1988 by
the Environmental Physics Group at the Naval Postgraduate
School, Monterey, Calif, under contract to USAF Space
Division, Los Angeles, Calif. MIPR# FY76168800350 . The report
is addressed to the VBG flow and diffusion modeling community,
and therefore basic understanding of boundary layer turbulence
principles is assumed.
The primary purpose of VBLS was to measure the
atmospheric boundary layer at a wide variety of locations both
on and off the base in order to parameterize boundary layer
variability, and to provide a comprehensive data set for use
in flow and/or diffusion model initialization or validation.
The primary model parameters targeted for evaluation in this
study are boundary layer height (Zi) , wind flow, turbulence,
and shear. Quantities of special interest are surface heat
and momentum fluxes. All of these quantities are critical
elements of model prediction. Current operational models at
VBG assume a constant Zi derived from the most recent
rawinsonde launch. They determine wind flow either from the
nearest surface tower (OBDG) or from a single rawinsonde
measurement (REEDM) . The soon to be installed MACHWIND uses
rawinsonde and tower data to initialize its profiles. All
models use diffusion estimates based on 1) 12 ft wind speed,
2) 12 ft horizontal turbulence intensity, and 3) 6-54 ft
temperature differences obtained from the tower nearest the
release site. We will offer suggestions for 1) improved Z^
prediction, and 2) realistic boundary layer averaged speed and
turbulence estimates.
Other topics of interest at VBG may be partially
addressed from these data and analysis. These issues include
marine stratus characteristics and low level wind shear which
can affect flight operations or missile launches.
II. DATA DESCRIPTION (GENERAL)
The data consists of a) doppler acoustic SODAR (DASS)
measurements from a trailer mounted system which give boundary
layer heights, winds, and turbulence, along with corresponding
surface layer measurements of mean wind, temperature,
humidity, pressure, stress, and heat flux, b) DASS
measurements from the three permanent VBG facilities, c)
quality controlled tower measurements from the VBG Winds
System, d) hourly averaged wind and temperatures from over
thirty off-base sites ranging from Santa Barbara to Santa
Maria, e) rawinsonde data from VBG and the NPS portable
rawinsonde system, f) synoptic weather charts, and g) stratus
edge boundaries derived from satellite photos. A schematic of
the NPS mobile laboratory is shown in fig. 1. A complete
description of the equipment and measurement techniques is
supplied in Appendix A.
VBLS was conducted in three phases; May 18-2 0, July 2 6-
29, and October 18-21. All three phases were conducted under
sea breeze conditions during daylight hours. The following
generalizations may be made about the experiments.
* Phase I was dominated by clear sky
conditions, but the sea breeze was obviously
influenced by a cold front passage on early
May 17 and later synoptic changes.
* Phase II was strongly influenced by the
stratus front which advanced and receded
each day.
* Phase III was a relatively quiescent time
period, with light winds and progressively
thickening stratus. Oct 20 was the most
quiet, and stratus remained to inland





































































III. MEASUREMENT TECHNIQUE (GENERAL)
The fundamental strategy for VBLS was to survey a
"representative" set of locations on the base and the
surrounding area from Jalama Beach (south) to the Los Alamos
Valley (north) to Mail Rd. (15 km east of Lompoc) . Two major
constraints limited the implementation of the approach.
First, navigable roads were required. Some of the most
interesting and important areas of the base were simply
inaccessible. Second, the need to sample many locations made
each sample shorter than optimal for statistical confidence.
We address this issue later in the report.
The survey consisted of a series of transects, i.e., a
group of short samples measured at locations which were
roughly equally spaced along an appropriate road through a
section of the domain. When possible, the transects were
designed to follow the mean wind direction in order to
spatially integrate the results over the area type. Each
sample was typically 10-15 min. in length, and the spacing
between locations was typically 2-4 km. The total time of a
transect ranged from 1-4 hrs. Over the 3 phases of VBLS, 2 00
measurements were made at 98 different locations. Fig. 2
shows these locations, the permanent towers, the DASS sites,
and the rawinsonde locations used in VBLS. Fig. 3 displays
the transects performed on each day of the experiment. Due to















Fig. 2 Composite of all measurement locations
sampled during VBLS. Coordinates are in UTMS . An
approximate conversion to spherical coordinates is
latitude = .0903 X longintude = 128 - ( ( Y + 30 ) /
97.2 ). Only VBG towers with 12 ft level winds are
shown. Only Santa Barbara Air Quality Control
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Daily transect routes for VBLS . Times are
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restricted to only a portion of the total domain of interest
The Lompoc Valley was sampled most often because of its
special importance to the community of Lompoc. Other areas,
such as Jalama Rd., were sampled much less frequently.
IV. BACKGROUND METEOROLOGY (SUMMARY)
Before discussing survey results, we first examine
standard weather information products available to the weather
detachment at VBG. In the following we discuss a range of
scales and make some rather qualitative statements related to
the observations. Appendix B supplies all the charts and maps
from which these generalities are inferred, along with a
detailed day by day discussion of these data.
We chose the standard 500 mb chart to gauge the synoptic
scale forcing. The spring experiment took place under a
moderate but weakening northwest pressure gradient following
the passage of a trough, the fall measurements took place
under a moderate and constant northeast gradient at the
leading edge of a ridge, and the summer experiment had weak
flows from a veering gradient which rotated through 360
degrees in 4 days. The size of the overall sea breeze "cell"
varies seasonally in both horizontal and vertical dimensions.
Therefore, the 500 mb level may be above the cell during the
spring or fall, but within the cell during the summer. Fig. 4
10
shows 12Z rawinsonde winds for May. After the uniformly
strong winds following the trough passage, the sea breeze
return flow is apparent to about 5000 m. The wind profile
through the return flow region is highly variable between
observations. During July, this confused region extended to
well above 7000 m, which explains the variable flow at 500 mb.
The surface pressure fields clearly showed the trough
passage described above during phase I. The first day was
under the influence of a weakening synoptic low pressure
system, as evidenced by an unusually N-S pressure gradient,
but the midday temperature contours parallelled the coast as
in a sea breeze circulation. The resulting flow at VBG had
characteristics of both a sea breeze and a passing cold front.
The rest of the experiment had no significant synoptic weather
system influence observable at the surface.
Although the patterns of pressure, wind, and temperature
were similar in all the remaining days, there was a
significant seasonal dependence on the coastal pressure
gradient. Namely, the spring and fall pressure gradients were
much weaker than the summer gradients. This resulted in
higher sea breeze related wind speeds at many stations during
the summer, especially at inland locations. (This was not
true for VBG, however.) The midday temperature gradients on a
regional scale were quite similar for all days. We are
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Fig. 4 Rawinsonde derived wind profiles at 12Z







drive the sea breeze, pressure gradients result from mass
adjustments on a regional/synoptic scale. Since the days are
significantly shorter and nights cooler in the fall, a
regional/synoptic (monsoonal) scale pressure gradient was not
allowed to develop for those cases. The reasons are less clear
in the spring, since the days of May were comparable in length
to the July days.
A major stratus deck was a daily visitor to VBG during
the July and October experiments. Discussion of some effects
of the stratus on wind and boundary layer heights are
presented in section VIII. A summary of the stratus edge
position during VBLS is given in Appendix E.
The regional wind flow was obtained from hourly averages
of 12 ft winds at towers maintained by the Santa Barbara Air
Quality Management District. These were scattered over an area
from Santa Maria to Santa Barbara. The "typical" regional
wind field is described in more detail in Appendix B, but the
general features are outlined here. One major feature is that
winds normal to the coast occur near midday and veer with
time. The midday winds are therefore from the west to
northwest for coastal areas north of Pt. Concepcion and south
to southwest in the Santa Barbara Channel. Another repeated
observation is anomalous strong northerly winds at Pt.
Arguello. This was verified by a second tower (as opposed to
Tower 301, described in Kamada et al. 1989), and shown to
13
often persist through the night. A third major feature is a
wind reversal from on to offshore along the Santa Barbara
Channel coast near dusk. The start of the sea breeze usually
brings coast perpendicular southerlies during midday, but
offshore northerly winds are at least as common as variable
winds at 1900 LDT.
Kamada et al. (1989) classified the surface flow field at
VBG into 10 categories. Based on 12 ft hourly averages of the
base tower network, most flows observed during VBLS could be
classified in this manner. In general, two rather rapid
transitions in flow direction could be defined for each day,
with somewhat stationary flow in between.
The passage of the sea breeze front is the obvious first
transition. This is not usually apparent in the widely spaced
hourly average flow fields presented in Appendix B. Those
maps that did happen to catch the event usually showed coast-
perpendicular winds, and a convergence zone in some instances.
Adjustment to the midday flow pattern occurred rather rapidly,
however. The midday pattern was generally characterized by a
uniform flow direction at most towers ranging from 240 to 320,
depending upon the day, with the following characteristics;
a) backed (west) winds in the valleys, b) veered (north)
directions at the high points, and c) veered, stronger winds
at Pt. Arguello. When the mean direction is less than 270,
item c) changes to d) backed winds at Pt. Arguello. Wind
14
speeds, on the other hand, changed constantly throughout the
day, as one would expect in a sea breeze system. In the
Kamada et al. (1989) scheme, the midday flow pattern described
above could be classified as Moderate Southwesterly, Weak
Westerly, or Summer Northwesterly, depending upon the
particular day.
The second transition occurs near dusk, and is marked by
a sudden veering from the midday pattern to the "evening
pattern" (see Appendix B) , and is clearly visible in the
data. This transition is not associated with a sudden speed
change as is common with the sea breeze front. The reason for
this transition is not as well understood as the sea breeze
front, but is probably due to Coriolis turning combined with
a decoupling of boundary layer from surface flow due to the
neutral stratification (see Mizzi and Pielke 1984) . The
evening pattern ranged widely during VBLS. Evening
Northerlies were the rule during July, while spring and fall
periods showed mixtures of Stagnation and Nocturnal Easterly
Drainage. Early morning flow was seasonally dependent in that
the "evening pattern" persisted through the night during the
summer experiment, with some minor exceptions. For the
spring and fall experiments, early morning winds varied
widely and could not be considered stationary on most days.
15
V. RAWINSONDE COMPARISON
Since the standard ascents at VBG are at and 12 Z, we
wish to know how representative these data are for other
times. Thus, for winds, we simply interpolated between the
two ascents at hourly intervals and compared with actual
values observed. The method used was to linearly interpolate
the u and v components for each hour, then reform the vector.
Table 1 shows the results for winds above and below the
inversion for several time series. Level 6 (above the
inversion) is shown for all 3 phases. Because of missing data
within the boundary layer during or 12Z ascents, only a few
time series could be examined below the inversion. Those were
at level 1 (50-100m) during phase I, and level 3 (200-400m)
during phase II.
As expected, interpolation of low level winds (50-100 m,
May) from two soundings a day produced bad results.
Undoubtedly, diurnal variability as well as spatial separation
in the launch locations contribute to the disagreement.
The 200-400m layer interpolations also fail for a
majority of the days. Though spatial separation is less
important than for the lower layer because the boundary layer
becomes more homogeneous with height, the diurnal variability
is not reduced, and the presence of the inversion somewhere
16
INTERPOLATED RAWINDSONDE TIME SERIES
* hourly values are interpolated between "stars"
* intermediate observations are in paranthesis
SPEED (50-100M) [m/s]
5-18-88 12Z> 14.9 14.8 14.8 14.8 14.8 14.9 14.9 15.0
* (8.6)
15.2 15.3 15.5 15.7 15.9 15.2 14.5 13.8 13.1 12.4 11.7 11.1
(14.2) * miss
10.5 9.8 9.2 8.7 8.2 7.9 7.6 7.3 7.0 6.8 6.5 6.3
* (1.8)
6.1 5.9 5.8 5.7 5.6 5.2 4.7 4.2 3.8 3.3 3.0 2.6
* (2.7)
2.4 2.2 2.2 2.4 2.6 2.3 2.0 1.8 1.8 1.8 2.0 2.2
* (1.4)
2.6 2.9 3.3 3.7 4.1 <5-21-88 0Z
*
DIRECTION (50-100M) [deg]
5-18-88 12Z> 347 344 342 339 337 334 332 330
* (342)
327 325 322 320 318 319 320 322 323 325 327 329
(347) * miss
332 335 338 341 345 343 340 338 335 332 328 325
* (43)
321 317 313 308 304 306 309 313 317 323 330 339
* (352)
350 3 17 30 41 33 22 9 355 340 327 317
* (63)
308 302 297 293 290 <5-21-88 0Z
SPEED (BL-2000M)
5-18-88 12Z> 15.5 15.2 14.8 14.5 14.2 13.9 13.6 13.3
* (14.3)
13.1 12.8 12.5 12.3 12.1 11.6 11.1 10.7 10.4 10.1 9.8 9.6
(13.3) * (14.6)
9.5 9.4 9.4 9.5 9.6 8.7 7.9 7.0 6.2 5.4 4.6 3.9
* (4.3)
3.3 2.8 2.6 2.6 3.0 2.6 2.3 2.0 1.7 1.4 1.2 1.0
* (3.9)
1.0 1.1 1.2 1.5 1.7 1.4 1.1 0.9 0.8 0.8 1.0 1.3
* (0.6)















9 13 18 22
27 31 36 41 45
*
44 42 39 36 32
(123)
27 20
10 355 336 317 300 302 305 310 316 324 336 352
* (302)
12 31 47 58 65 72 83 99 124 151 171 183
* (121)
191 196 200 203 205 <5-21-88 0Z
*
SPEED (200-400M)
7-26-12Z> 4.2 4.0 3.9 3.8 3.7 3.6 3.5 3.5
* miss (0.7)
3.4 3.4 3.4 3.4 3.4 3.2 3.0 2.9 2.7 2.5 2.4 2.2
(3.7) * (3.0) (3. 1)
2.0 1.9 1.7 1.5 1.4 1.4 1.4 1.5 1.6 1.7 1.8 1.9
* (1-4) (1-8)
2.1 2.2 2.4 2.6 2.7 2.5 2.3 2.1 1.9 1.8 1.6 1.5
* (1-8) (3.4)
1.5 1.4 1.4 1.5 1.5 <7-28-88 12Z
*
DIRECTION (200-400M)
7-26-88 12Z> 344 341 338 334 331 327 324 320
* miss (301)
315 311 307 303 300 301 301 302 303 304 306 307
(300) * (297) (338)
309 311 313 316 316 307 299 291 283 276 270 266
* (8) (302)
261 258 254 252 250 253 257 261 266 270 279 287
* (25) (358)




7-26-88 12Z> 4.5 4.3 4.2 4.0 3.8 3.7 3.5 3.4
* miss (4.9)
3.2 3.1 2.9 2.8 2.7 2.7 2.8 2.9 2.9 3.0 3.1 3.2
(2.5) * (4.6) (6.4)
3.3 3.4 3.4 3.5 3.5 3.4 3.3 3.3 3.4 3.6 3.8 4.1
* (1.2) (2.2)
4.4 4.7 5.1 5.5 5.8 5.6 5.4 5.2 5.0 4.9 4.7 4.6
* (7.0) (7.8)
4.5 4.5 4.4 4.4 4.5 <7-28-88 12Z
*
DIRECTION (BL-2000M)
7-26-88 12Z> 41 41 40 39 39 38 37 36
* (27)
35 34 33 32 31 33 35 37 39 41 42 44
(31) * (349) (4)
45 47 48 49 48 40 32 23 14 6 359 353
* (34) (3)
347 343 339 335 333 336 339 342 346 349 353 357
* (339) (356)
1 5 10 14 18 <7-28-88 12Z
*
SPEED (BL-2000M)
10-18-88 12Z> 3.6 3.4 3.1 2.9 2.7 2.5 2.3 2.1
1.9 1.7 1.5 1.4 1.3 1.3 1.4 1.6 1.9 2.2 2.6 2.9
(1.2) *
3.3 3.6 4.0 4.4 4.7 4.9 5.2 5.4 5.7 6.0 6.4 6.7
* (6.5)
7.0 7.4 7.7 8.1 8.5 8.1 7.5 6.9 6.4 5.8 5.3 4.8
(8.1) * (8.1)
4.3 3.9 3.5 3.2 3.1 3.1 3.2 3.4 3.7 4.1 4.6 5.1
miss (2.2)
5.6 6.2 6.7 7.3 7.9 8.4 7.9 7.5 7.1 6.7 6.3 5.9
(4.7) *
5.5 5.1 4.7 4.2 3.8 3.3 2.9 2.5 2.1 1.9 1.7 1.6
* (3.6)




10-18-88 12Z> 9 11 12 14 16 19 22 26
*
30 36 42 50 60 46 30 17 8 1 356 352
(90) *
349 346 344 343 342 346 349 353 356 359 1 3
* (2)
5 7 9 10 12 12 13 15 18 21 25 29
(20) * (12)
35 42 50 60 71 83 95 106 114 122 128 133
miss (123)
136 140 142 145 147 148 148 148 148 148 149 149
(133) *
149 150 150 150 151 148 143 137 128 117 103 86
* (112)
69 55 44 36 30 <10-21-88 12Z
(46) *
20
within this altitude zone can radically change the mean wind
vector.
Winds above the boundary layer, on the other hand, are
more closely matched both for speed and direction. This is
particularly interesting, since the and 12 Z launches were
often alternated between the north and south base facilities,
and the intermediate rawinsondes were made from widely varying
locations around the base. Even though there was considerable
variability between the and 12 Z values (especially for the
Phase I and III time series) , our interpolations do a fairly
good job of prediction. This implies that any intrinsic time
scale for the variability must be significantly larger than
24 hours. But the presence of the variability mandates
rawinsonde observations at shorter intervals when forecasts of
releases in the above boundary layer zone are required.
Boundary layer heights were specified by the base of the
first inversion as estimated from the potential temperature
and humidity profiles. Fig. 5 shows two examples of the
inversion layer base and top, and fig. 6 plots these values
for VBLS. The observations are widely scattered, in part due
to the variable launch locations.
The following generalizations can be made. The May
ascents showed the lowest heights on average (inversion bases
near 100 m) , followed by the July data (300-400 m) , and then
21
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Two examples of rawinsonde thermodynamic
boundary layer profiles and the definition of the
inversion layer bottom, Zib, and top, Zit, for these
cases. Heavy solid line is potential temperature.
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Fig. 6 Inversion layer heights determined from
rawinsonde derived thermodynamic profiles. Vertical
lines range from Zib to Zit. See Appendix C for
numerical values and launch locations.
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the October sondes (4 00-600 m) . While some of the low May
inversions were due to early morning surface based cooling,
others were associated with a very low surface fog in stable
onshore flow. For these fog cases, a uniform wind profile
often extended to much higher altitudes, which suggests that
the actual mixing layer (as would be used in a diffusion
model) was higher than the thermodynamic profile would
suggest. The top of the inversion layer was often much higher
than the bottom, which suggests that the idealized thin
"capping inversion" may often not be present in complex
terrain.
VI. DASS SHADOWGRAPH INTERPRETATIONS
All the DASSes used during VBLS were monostatic triaxial
systems. All DASS of this type measure sound energy scattered
from temperature variations having scales close to the
wavelength of the sound. The frequency used for all DASSes
was 1600 Hz, which makes the relevant wavelength roughly 1/3
meter. In a turbulent atmosphere, the magnitude of
temperature fluctuations correlates with the length scale of
the fluctuation for a fairly broad range of scales, and the
DASSes characteristic length scale resides within this range.
A single parameter describes the strength of these
fluctuations; the temperature structure function, C-p . To a
large degree, the strength of the DASS echo depends directly
on Op for a turbulent atmosphere.
24
Temperature variation can also result from temperature
stratification in non-turbulent conditions. In this case the
echo strength depends on stability, such as measured by the
gradient Richardson number.
Common sources of Op in the boundary layer are free
convection (thermal plumes) , forced convection (wind driven
heat transfer at the surface) , and turbulent mixing within an
inversion. Large Richardson numbers occur within the
inversion at the boundary layer top and within surface based
inversions.
Proper interpretation of DASS data requires knowledge of
the echo source. A few examples are shown in fig. 7. The
first example shows a convective boundary layer under clear
skies. Echoes are strong through the whole depth of the
boundary layer, especially near the bottom and top where
additional C<p is produced by forced convection and
turbulence near the inversion. The shadowgraph is
characteristically "blotchy" due to the passage of large scale
thermals. While the strong power returns allow good wind
calculations through the whole depth of the boundary layer,
the vectors often vary widely between 10 min records due to
these thermals. Since the VBG DASS are all situated within a
few km of the coast, such conditions will exist for onshore
flow only at low wind speeds, or in Santa Ana ( offshore )
25
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Fig. 7 Examples of DASS shadowgraphs from SLC6
SODAR and definition of BL1 and BL2 for these cases
Times are in PDT. Echo intensities have been
corrected for spherical divergence.
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conditions. Thus wind records will seem unreliable for such
an onshore case, even though they reach relatively high
altitudes. For these cases several 10 min records should be
averaged to account for the passage of slow moving thermals.
Example 2 shows a stratus covered boundary layer. While
echoes are strong at the inversion and very near the ground,
most of the boundary layer is "quiet" in terms of temperature
fluctuations. Stratus insulates the surface from either
significant radiative heat loss or gain, and any C<p near the
surface results from forced convection due to wind blowing
over a surface with only a slightly different temperature than
the air. The near surface winds will be fairly consistent
from record to record. The quiet region may have quite strong
and turbulent winds, but because this region is also very
uniform in temperature, winds may not be measurable. Winds
from returns near the inversion may be measurable, but they
may not be indicative of the general boundary layer flow due
to large shears often present at this interface.
The third example shows a thermal mechanical internal
boundary layer (TMIBL) under the "main" boundary layer
inversion during clear skies and moderate to strong winds.
The shadowgraph resembles the free convection case from the
surface up to the top of the TMIBL, and the stratus case above
the TMIBL. At VBG, TMIBLs result when cool marine air is
advected over the sun-heated ground. Both free and forced
27
convection results and the height of the activity increases as
the air moves inland, eventually reaching the top of the main
boundary layer. The inland distance at which this equilibrium
is reached depends on the surface heat flux and mechanical
energy, integrated over the travel time of the air mass.
Because the base DASSes are located near the ocean, this
travel time is not long enough for equilibrium to be reached,
except during very light winds. Winds within the TMIBL are
easily computed by the DASS because of high Oj> , and are more
consistent between records than the free convection case, due
to smaller thermals and deeper forced convection near the
surface.
The main problem for this case is identifying the true
mixing depth for input to diffusion models. While the air
above the TMIBL and below the "main" boundary layer top is
less turbulent than within the TMIBL, the top of the TMIBL
does not act as a lid to diffusion, and therefore the main
boundary layer top should be specified as the mixing depth.
Unfortunately, due to strong winds, the lack of stratus and
added mixing at the inversion often reduces the strength of
the echoes within the inversion. Thus, care must be taken to
examine sufficiently long shadowgraph and wind records to
define this height to not confuse a TMIBL top with a free
convective boundary layer top. In general, a convective
boundary layer develops rapidly in light winds after stratus
burn off or when morning thermals first develop in clear
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skies. However, its height will change slowly thereafter.
TMIBLs are apparent under clear skies with stronger winds, and
the height often changes dramatically with changes in wind
speed or direction. A TMIBL may remain for a time after
stratus has advected inland in the afternoon, due to residual
surface heat.
Two boundary layer heights were defined based upon the
average backscatter power profiles. Again, refer to the
shadowgraphs of fig. 7 for the following discussion. We
define a "boundary layer depth #1" (BL1) as the first level at
which the backscattered power dropped to less than roughly 10%
of its maximum near-surface value. The backscatter profile
below this height could be quite complex, with several "ridges
and valleys", so long as it was strong enough and continuous
from the surface. We interpret "boundary layer depth #2"
(BL2) as an inversion defined by the height of the largest and
strongest echo layer above BL1. This is the height normally
selected from shadowgraphs for boundary layer applications.
If no elevated inversion was observed, then BL2=BL1.
Under stratus (e.g. 2) , conditions are near-neutral and
C<p depends strongly on surface layer stability (z/L) .
Therefore, BL1 should be qualitatively related to z/L. BL2
most likely represents the sharp cloud top temperature
gradient as shown by Neff (1988) for similar circumstances.
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In sunny conditions, either very near the coast or cloud
edge, BL1 can be thought of as the height of the TMIBL as in
fig. 7, e.g. 3. In some convective clear sky cases, an
elevated echo layer was often observed just above BL1. This
layer may indicate the short term average range of the thin,
sharp inversion interface which penetrates into the
stratified air above. In this case, the height range BL2-BL1
may indicate the entrainment zone, and BL1 would be considered
the appropriate mixing depth for diffusion models.
VII VBLS TRANSECTS - REGIONAL ANALYSIS
One fundamental strategy for VBLS was to group areas of
the base and surrounding countryside by topography. Based
on this factor and data availability, we divided the VBG area
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All of these regions, except the Lompoc Valley, encompass
varying terrain. Hence, we do not contend that they are in
any sense homogeneous. Still, by sampling a wide variety of
locations within each region we can place bounds on some
important quantities.
VII. 1 SURFACE ROUGHNESS
For each transect through a region, we averaged vertical
momentum flux, u*
,
and the total (latent and sensible) heat
flux, H, as derived from direct covariance calculations using
the sonic anemometer over all locations visited during that
transect. Each value was weighted by its respective sampling
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time. These spatially averaged values were then used to
calculate roughness lengths with surface layer similarity. To
do so, we employ
L=-Tu* 3 / (kgH) , (7.1)
as the Monin-Obukhov length,
z = z EXP( k u(z) / u* + p(z/L) ) , (7.2)
as the surface roughness length, where
p(z/L) = 2 ln(( 1 + x ) / 2)
+ ln( ( 1 + x 2 ) / 2)
- 2 tan_1 ( x ) + if / 2 , and (7.3)
x = (1 - 16 z/L) 1/4 , (7.4)
for the unstable surface layer (Paulson, 1970)
.
The results for z are shown in fig. 8 and they generally
agree with other published values for the ground cover type of
each respective region. As expected, the Lompoc Valley has
the lowest values while the East Hills were roughest.
Because the measurements were made at 5 m, this roughness
measure is representative of only a few hundred meters of
terrain upwind of the anemometer. Therefore, values in the
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Fig. 8 Surface roughness lengths measured during
VBLS and segregated by region. Each sample is an
average of all locations sampled during a single
transect through the region. Direct eddy
correlation measurements were made with a sonic
anemometer mounted at 5 m.
33
South Base and East Hills are less than we would expect for
mountainous terrain. The net effect of the mountains on
fluxes would only be seen by measurements from very high
platforms such as aircraft. Near the surface, the effect of
mountains is to create local maxima or minima of stress and
heat flux which are seen as increased scatter. By averaging
between locations we have roughly removed this effect. As
"typical" values, we recommend using the medians, which are
North Base .073 m
Lompoc Valley .011 m
South Base .108 m
East Hills .186 m .
VII. 2 SURFACE HEAT FLUX
Surface heat flux depends mainly on solar insolation and
the heat absorbing characteristics of the surface cover
(albedo, moisture content, etc.). A diurnal signal due to
solar heating is evident in the regional averages of heat flux
(see fig. 9) . When no clouds were present, the May data could
not be differentiated from July, but October was clearly lower
for a given time of day. This coincides with the fact that
the length of the solar day during phase I was almost
identical to that of phase II, while the October days were
























Surface heat flux as a function of time and
surement period, where label 1 is 18-20
s 26-29 July, 3 is 18-21 October, 1988.
are total stratus cloud cover cases,
s are October clear sky cases, and no
are May/July clear sky cases. Lines are COS
and COS2 (narrow) empirical fits of these
(upper) May/July sunny data, (middle)
sunny data, and (lower) cloud covered data.
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the heat flux, as evidenced by fig. 9. We have approximated
the heat fluxes observed with cosine and cosine-squared
functions by 1) fixing the solar day length as 1/2 the
wavelength, and 2) matching the approximate maximum value to
the amplitude. The results in fig. 9 indicate that the COS
form is more appropriate for May and July, while the COS form
is more representative of the October data. We also
speculate on a single fit for the sparse stratus cover data,
but most likely the amplitude is a function of the cloud
thickness. The approximations are
H = .28 COS 2 (( t - 13.1 ) / 13.83 ) <T ) , (7.1)
( no elds , May/Jul ) , [ 6.2 < t < 20 ]
H = .19 COS(( t - 13.1 ) / 11.1 ) Y ) i (7.2)
( no elds , Oct ) , [ 8.0 < t < 18.6 ]
H = .065 COS(( t - 13.1 ) / 13.83 ) fr ) , (7.3)
( elds , May/Jul )
,
[6.2<t<20]
H = .065 COS(( t - 13.1 ) / 11.1 ) W ) , (7.4)
( elds , Oct )
, [ 8.0 < t < 18.6 ]
where H is in degC*m/s and t is time in hours PDT. Fig. 10
plots the same data with the region identified by the label.
While the data is sparse, there is no clear reason to

















Fig. 10 Same as fig. 9, except labels represent VBG
topographic region, where label 1 is North Base, 2
is Lompoc Valley, 3 is South Base, and 4 is East
Hills.
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tend to be somewhat lower than their afternoon counterparts,
and this may be due to the fact that we have assumed a
constant Bowen ratio (sensible/latent heat flux) , when in
fact morning dew may significantly reduce the ratio.
VIII. 3 WIND DIRECTION
The variability of the wind direction was a major
objective of VBLS . For the following analysis we have
averaged all wind values through the depth of the boundary
layer for each location. We only consider times when the sea
breeze front has passed all VBG towers; in other words, the
first transition (section IV) has occurred and the wind flow
pattern is well established. Lastly, we calculate the vector
difference between the boundary layer wind direction and the
average wind direction at 12 ft across the base. (Appendix D
lists the base averaged winds for each day.) The resulting
direction difference histograms are plotted by region in fig.
11. We've taken the liberty of assuming a Gaussian shape to
these data and have plotted the corresponding probability
density functions in fig. 12 with the corresponding statistics
listed below.
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Fig. 11 Difference between the mobile SODAR
measured boundary layer average wind direction (T)
and the VBG tower network average 12 ft wind
direction (B)
. Each observation represents the








Fig. 12 Probability densition function
representation of the data in fig. n. Normaldistributions were assumed. NB is North Base, LV isLompoc Valley, SB is South Base, and EH is East
Hills.
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REGION BIAS STD. DEV. CHISOUARE SIG. LEVEL
NB -8.4 deg 24.1 deg .83 .36
LV -10.9 24.1 .92 .34
SB -19.9 46.4 2.67 .45
EH -24.0 51.6 8.83 .03
The reliability of the fits is poor for the South Base and
East Hills regions, but the data tend to fall into two groups.
The North Base and Lompoc Valley statistics are similar,
while the South Base and East Hills have larger bias and
standard deviation.
If we compare the North Base / Lompoc Valley standard
deviations with the values for the VBG towers in Appendix D,
we see that they are similar. This implies that the VBG tower
network does a realistic job in describing wind direction
variability across the base. More importantly, this shows
that the variability observed near the surface is similar to
the variability of the flow through the depth of the boundary
layer.
Based on the histogram, the bias in the South Base data
appears to be induced by the large negative outlying values,
but the East Hills bias does seem genuine. Certainly the
relative standard deviations seem realistic. The huge
variability in the mountains suggests that once a plume enters
41
this type of terrain, it may be impossible to predict its
trajectory with a reasonable degree of confidence.
VII. 4 WIND SPEED
In a similar manner to wind direction, we calculated the
ratio of the vector averaged boundary layer wind speed
observed at each location to the base average. Since this
average used only 12 ft base sensors, we expect the speed
ratio to be larger than unity in most cases. Fig. 13 plots
histograms for each respective region, and there is a
tendency for some to be bimodal.
The high wind speed mode is similar in all regions (1.5
- 2.0), except the Lompoc Valley where it is surprisingly
large (2.5 - 3.0). This is most likely the result of the
"funnel effect" which is noticeable in other ocean facing
valleys such as the Sacramento delta.
For each case, there are a significant number of
observations near or below unity. The East Hills low wind
speed mode is actually stronger than the high wind speed mode.
One plausible explanation is that each region may have local
areas of convergence where boundary layer averaged horizontal
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Fig. 13 Ratio of the mobile SODAR measured
boundary layer average wind speed (T) to the




find these "chimneys" in sunny mountainous regions such as the
East Hills.
VII. 5 VERTICAL WIND SHEAR
The change in the wind with increasing altitude within
the boundary layer is important for diffusion predictions and
also for launch or flight operations. The SODAR readily
provides measurements of vertical wind shear in the boundary
layer. For the data we have decomposed each vector, assumed a
linear change of each component with height, then regressed
through all available points within the free boundary layer.
We define the following quantities,
C = 100[-du/dz COS(D)+dv/dz SIN(D)]/U, (7.5)
S = 100[-du/dz SIN(D)-dv/dz COS(D)]/U, (7.6)
where C is a measure of the directional clocking with height,
and S is a measure of the speed increase with height
(speedup) . u and v are vector wind components in absolute
coordinates and D is the wind direction. We normalize the
shear by U, the mean wind speed through the shear layer. We
also arbitrarily define the shear through a 100 m depth, since
it is not apparent that shear should scale with any unique
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length (such as BL2) for these data. If S=0, a value of C=l
represents a change of 60 degrees through 100 m. Likewise, if
C=0 a value of S=l represents a change from . 5U to 1.5U over
100 m.
We are primarily interested in how often wind shears are
large. Figs. 14+15 plot the cumulative distribution function
of the absolute value of C and S for each region. 50% of
all data have C or S values of .4 or less, and all regions
appear similar for low shear values. At higher values of C,
all regions are similar, except South Base which has a
relatively high probability of experiencing a large
directional shear within the boundary layer. As to the
incidence of high speed shear, the ranking appears to be 1)
East Hills or South Base, 2) North Base, and 3) Lompoc Valley.
When the regions are combined, the histograms of C and S
are remarkably similar (see fig. 16) . These data do not have
a normal distribution. This is demonstrated in fig. 17
,
where we have attempted to fit a Gaussian function to the
clocking data. The combined distributions are also quite
symmetric, as is generally the case for individual regions.
No independent parameters do an adequate job of
predicting these shearing quantities. The following table
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ABS(C)
Fig. 14 Cumulative relative frequency (CRF) of the
clocking parameter magnitude segregated by VBG
region. CRF represents the probability of




8 . 8 1.2
ABS(S)
Fig. 15 Cumulative relative frequency of the speed
up parameter magnitude segregated by VBG region.
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Fig. 17 The departure of the clocking variable
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sigma v .100 .035
sigma w .134 .067
ut / ub -.176 .084
Dt " Db .269 -.165







where sigma v,w are averages through the mid-boundary layer
(see next section)
,
D-^ - Db is the direction difference used
in section VII. 3, U^ / Uj^ is the speed ratio used in section
VII. 4, and L is the Monin Obukhov length. Correlations below
approximately .2 should be considered negligible. Considering
the similar shapes of the C and S distributions, the
correlation between variables is very small. Neither shear
measure correlates with boundary layer height or stability.
It should not be surprising to see some correlation with the
direction difference, and this could possibly be used as a
predictor. It is encouraging to see modest correlation with
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zq/ which in this case is the average roughness measured at
each location (as opposed to the regional averages of section
VII. 1). The implication is that higher than average stress at
the surface translates into clocking of the wind direction
and, to a lesser degree, a decrease in wind speed with height.
VII. 6 BOUNDARY LAYER TURBULENCE
In a convective boundary layer, both sigma v and sigma w
scale with w* , the convective scaling velocity, defined as
w* = (( g / T ) H Zi ) 1/3 . (7.7)
Near the top or bottom of the boundary layer, the
variances are also a function of the relative height, z/Zj_,
and possibly other quantities. But from roughly .2 to . 8Zi,









x/2 / WA = K2 f (7 . 9)
where the constants Kl and K2 are about the same for the
Minnesota data (Kaimal et al. 1976) and range from .5 to .7.
We will use the median value of .6 for comparative purposes.
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Recall that the 5 minute base averaging time acts to
filter out low frequency energy. This is not a severe
limitation in the surface layer, but significant energy can be
lost at higher altitudes. While we cannot explicitly correct
for this loss, we can adjust the flat terrain benchmark based
on Hojstrup's (1981) spectral similarity relationships in the








where T is the averaging time, 5 minutes in this case. For
example, a 500 m boundary layer and 5 m/s wind speed results
in a correction factor of .91.
Histograms of the ratio of the observed vertical
turbulence versus that expected for flat terrain are shown in
fig. 18. In general, both North and South Base show a broad
range of values centered near unity, while the Lompoc Valley
and East Hills show a preference for turbulence at 50 - 80 %
of flat terrain values. Finkelstein et al. (1986) compared a
variety of SODAR systems against the Boulder Atmospheric
Observatory and found that, although scatter was large, the
Radian Corp. SODAR (used in VBLS) did an adequate job of
estimating vertical turbulence during daylight hours. If
anything, the Radian tended to overestimate low values of
vertical turbulence. Therefore, the lower than expected
52
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Fig. 18 The ratio of the measured boundary layer
average vertical turbulence to that assumed for flat
terrain (.6 w*) . Only data from .1 Zi to . 8Zi was
used in the average. w* was calculated using the
regional estimates of heat flux and z0, and the
local measure of the boundary layer height.
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turbulence in the Lompoc Valley and East Hills should be
considered significant.
Horizontal turbulence is shown in fig. 19 and all regions
showed significantly lower values ( 40 % ) than for flat
terrain. To our knowledge, no comprehensive evaluation of
SODAR-derived lateral turbulence has been reported in refereed
literature. We can only speculate that the small values and
scatter compared to vertical turbulence suggest problems with
the Radian's estimation of lateral turbulence. Unfortunately,
we do not have enough simultaneously recorded data to evaluate
the base DASS'es estimates of turbulence.
VI I. 7 BOUNDARY LAYER DRAG COEFFICIENT
The surface roughness results of section VII. 1 are
applicable only for the generic surface cover found in each
region (i.e. long grass, trees, etc.). In order to evaluate
the effect of the larger scale terrain features, a technique
sometimes employed in complex terrain is to define a





where Ug is the geostrophic wind speed, and u*t is the
effective friction velocity (i.e. measured high in the
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Fig. 19 The ratio of the measured boundary layer
average cross wind turbulence to that assumed for
flat terrain (.6 w*)
.
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surfaces to 3 for "average" mountains. We will define a
boundary layer drag coefficient,
CBL = u*
2 / U2 , (7.12)
where u* is our 5 m (low level) measure of friction velocity
and U is the mean velocity through the boundary layer. Unlike
the geostrophic wind, the boundary layer speed is affected by
the underlying terrain (both surface type and large scale
terrain features) . CgL is, therefore, a crude measure of the
momentum transfer coefficient for varying types of large scale
terrain, with the surface roughness effects removed in a first
order sense. Fig. 20 shows results for the four regions which
generally agree with their corresponding "degree of
hilliness". North Base is most confusing in that two peaks
are observed. Clearly, other factors influence the mean
boundary layer wind speed, but based on these results, we
suggest the following values:
REGION CBL
NB .0020 +- .0012
LV .0018 +- .0010
SB .0022 +- .0020
EH .0032 +- .0010
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Fig. 20 Regional histograms of the boundary layer
drag coefficient. the local value of u* was
obtained by applying surface layer similarity to the
local 5 m measure of wind speed, using the regional
estimates of heat flux and zO.
57
One potentially useful application of these simplistic
results would be the prediction of boundary layer wind speeds
based on surface speeds. Using the average Zq and H values
from the above sections, z/L and u* can be estimated, and the
above relationship will predict the average boundary layer
wind speed.
VIII VBLS TRANSECTS - STRATUS FRONT ANALYSIS
VI 1 1 . 1 INTRODUCTION
This section describes a unique subset of the data
collected during the experiment; transects of the marine
stratus cloud edge. As mentioned earlier, a semi-permanent
stratus deck of considerable size was located in the eastern
Pacific during the July and October phases of VBLS. Stratus
coverage ranged from to 100% during various periods of the
experiment. As is typical for California, maximum coverage
occurred at night. Solar heating gradually "lifted" the
stratus base during the morning hours until a "burn-off"
occurred which proceeded rapidly from east to west. This
burn-off was often well correlated with the passage of the sea
breeze front which increased boundary layer mixing. After the
initial burn-off the orientation of the stratus edge
stabilized, and its location relative to the coast would stay
fairly fixed until late afternoon when the stratus would move
progressively inland. As is common, on several occasions the
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edge stabilized several miles inland and at right angles to
the Lompoc Valley. Since this valley tends to channel flow to
the west-northwest, this scenario offered a good opportunity
to transect the stratus edge with the mobile SODAR and observe
boundary layer changes across this type of front.
VIII. 1 STRATUS EFFECTS ON BOUNDARY LAYER HEIGHTS
In the following discussion we have normalized the
boundary layer height observed at the mobile SODAR by the mean
of BL2 observed at the most "marine-like" of the 3 permanent
SODAR, SLC6. This SODAR is located .5 km from the ocean and
about 10 km south of the valley mouth. While there are 2
other SODAR significantly closer to the valley, they are
several km inland. Moreover, BL2 is not always traceable at
these sites and often shows a diurnal behavior absent at the
southern location.
We transected the cloud edge on four separate
occasions. All four occurred during July 88, a period of no
synoptic scale activity. Unfortunately, only transect C (see
below) has "good" spacing between observations near the edge,
but some important characteristics can be seen from all four
transects. Sampling more locations on a transect increased
the total transect time, and likewise increased
instationarity
. It is difficult to "measure" instationarity
,
but a relevant quantity may be wind at a fixed location in the
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valley. The following table lists transect beginning and
ending times and winds at WT009 which was along the transect
and always cloud covered during these transects.
Transect Date Time (LPT) Speed fm/s) Dir(deg)
Start A 7-26 1005 3.2 305
End A 1205 3.8 312
Start B 1740 3.0 302
End B 1900 2.8 306
Start C 7-27 900 1.4 302
End C 1305 4.1 308
Start D 7-28 1030 1.5 306
End D 1255 3.8 314
It is clear that the wind direction remains fairly constant,
but the speed does not. While we have no fixed measure of the
heat flux, it is safe to assume that its value is also
constantly changing. This inherent instationarity should be
considered when interpreting the results described below.
Fig. 21 shows the evolution of BL1 and BL2 as a function
of distance from the edge. The edge was fairly well-defined
for all transects, with a change from total to no cloud cover
occurring within about .5 km. For this study, the edge is
defined as 50% cloud cover. Fig. 21 shows that BL1 rapidly
adjusts to near the height of BL2 at the cloud edge. This is
not surprising, since the small potential temperature gradient
60





































































































within the boundary layer offers little resistance to thermal
plumes. Likewise, BL2 also grows in the sun, first rapidly
and then at a slower rate.
As a physical model for the growth of BL2 , we consider
the energy balance approach for an TMIBL presented by
Venkatram (1979) . If a constant heat flux is assumed on the
sunny side of the front, then
h 2 (x) = h 2 (0) + 2xH/[G(l-2F)U]
,
(8.1)
where h(x) is the boundary layer height at distance x from the
cloud edge, H is the surface heat flux (degC*m/s) , G is the
potential temperature gradient in the "stable" upwind flow, F
is an entrainment factor, and U is the mean boundary layer
speed. We use F=l/7, as suggested by both Tennekes and
Venkatram, who also states that results are relatively
insensitive to this parameter. We used a 900 LST sounding at
the mouth of the valley to determine G for 3 layers; within
the marine boundary (but above the surface layer) , within the
marine inversion layer, and between the inversion top and 2000
m. The last of these layers should be the value used, but we
include the other two in order to test the sensitivity of this
parameter. We averaged the cloudy side BL2 observations to
define h(0)
, and averaged the sunny side surface heat flux
observations to define H.
62
As seen in fig. 21, the model underpredicts the growth of
BL2 for most cases, even when using the unrealistic lower
limit for G. All the transects suggest that this rapid growth
may be a very local phenomenon, and transect C suggests that
this simple model may work adequately for longer distances
from the edge. Transects A, C, and D together suggest that
there may be a complimentary depression in the boundary layer
on the cloud side of the front.
These features should not be surprising, if the cloud
front is considered as a miniature cold front. The
differential heat flux would naturally create a baroclinic
zone within the boundary layer. Given the semi-permanent
nature of the stratus deck, a thermal wind component
parallelling the front may induce a secondary circulation
producing sinking motion on the cold side and enhance the
rising tendency on the warm side of the front. The thermal
wind should be observed as a backing in the mean boundary
layer wind direction from the cold to the warm side. As with
larger scale fronts, an increase in speed should be realized
near the front. Fig. 22 shows the difference between the
boundary layer average wind direction observed at the mobile
SODAR and the average surface wind direction observed
simultaneously at 21 towers in the vicinity of the valley. It
is clear that there is considerable variability between and
within transects, but in each case there is backing for
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Fig. 22. Horizontal variations in (dashed ) wind
direction difference and (solid) speed ratio across
the stratus front.
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shows the ratio of the boundary layer wind speed observed at
the trailer versus the simultaneous surface speeds averaged
from the 21 towers. The ratio always exceeds unity, and there
is an enhancement near the front. The location of that
enhancement relative to the front is not consistent between
transects, but does appear to correlate with areas where the
directional difference is decreasing with x. This is also
consistent with the above concept, assuming the thermal wind
vector adds to the boundary layer wind vector.
VIII. 2 STRATUS EFFECTS ON VERTICAL WIND SHEAR
If a baroclinic zone is present within the boundary
layer, it could reduce the well-mixed nature of the boundary
layer. This effect may be observed as vertical wind shear.
Fig. 23 plots the clocking and speedup variables described in
section VII. 5 versus distance from the edge for all cases.
Speedup scatters about zero, while there appears to be a
distinct preference for clocking with height on the cloudy
side of the front. Remember that the overall distribution of
the shear variables was symmetric, with no preference for
either positive or negative clocking values.
Wyngaard (1985) proposed a method of estimating vertical
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advection or rate change contributions. If we invert his
results, we find that,
dUg/dz = dU/dz - (fZi/w*) dV/dz
,
(8.2)
dVg/dz = (fZi/w*)dU/dz + dV/dz, (8.3)
with dUg/dz = (-g/fT) dT/dy, (8.4)
and dVg/dz = (g/fT) dT/dx, (8.5)
where the geostrophic wind shear is defined within the
boundary layer. U and V are aligned with the mean wind, ergo
dU/dz and dV/dz are simply dimensional forms of our clocking
and speedup parameters. fZi/w* is the ratio of the convective
to Coriolis time scales. This ratio was on the order of .1
for all 4 transects. The main disadvantage in using
Wyngaard's solution for this study is assuming steady state.
Therefore, results can only be considered qualitative.
Fig. 24 plots the horizontal temperature gradients
derived from eq. 8.5 for transect C, and for the composite
data set. Because of the low values of fZi/w*, the horizontal
temperature gradients mirror the clocking and speedup
parameters to a large degree. On average, the temperature
gradients are both positive, as expected. As with the
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Fig. 24. a) Clocking (solid line), and speedup,
(dashed) for transect C. b) Horizontal temperature
gradient for transect C where dT/dx is solid and
dT/dy is dashed. c,d) Horizontal temperature
gradients for composite data set.
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the cold side of the front. An eyeball average of the points
on the cloudy side would give an "effective" boundary layer
temperature gradient of 0.06 deg C*km on the cold side of
the front. There is an indication that once past the front,
dT/dx may be slightly negative. There is too much scatter in
dT/dy to discern a trend.
The main difficulty with this explanation of the wind
shear lies in the position of the wind shear relative to the
edge. We are presently in the process of using a numerical
model to simulate the cloud edge effect, and preliminary
results indicate the region of maximum vertical directional
wind shear should occur within the first few kilometers on the
sunny side of the front, i.e. in the region of maximum
baroclinicity . This placement of the baroclinic zone has been
supported by our surface temperature measurements. With
regards to wind shear, these results are contrary to our
findings, and we are currently examining other mechanisms for
the observed wind shear under the clouds.
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IX. PREDICTION OF BOUNDARY LAYER HEIGHTS
IX. 1 INTRODUCTION
Inversion height is a key factor in diffusion as well as
general boundary layer behavior. However, in VBG's complex
terrain, inversion height estimates remain very problematic.
The simple inversion rise models of Zeman and Tennekes
(1977) , Venkatram (1977) , or Kamada (1988) do not apply here
because they depend on horizontally homogeneous terrain or a
single land/water interface. Fully non-linear, 3-D, non-
hydrostatic, prognostic windflow modeling is a remedy which
is years from operational use. Meanwhile, for convenience,
some diagnostic flow/diffusion models assume that atmospheric
boundary layer (ABL) inversions are either flat or terrain
parallel. Though this may set the range across daytime and
nocturnal conditions, we wondered whether stability or other
measures could improve on such estimates. Thus, we developed
five simple inversion height algorithms of the terrain
following type and compared them with daytime data from the
three VBG DASSes (SODARs) and our own mobile SODAR.
IX. 2 DESCRIPTION OF METHODS
All five inversion height methods start with the same
objective analysis based on data from the fixed VBG SODARs.
The methods are: 1) a pure objective analysis which yields an
inversion height estimate, Zi, 2) a fixed but optimized
"terrair-followingness" coefficient, C, such that the local
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inversion height, Zi = Zi + he, where h is terrain height
o
above sea level and Zi is a reference inversion height taken
o
from a sodar or high resolution sonde (Endlich, 1984) , 3) a C
varying with a supra-ABL inversion stability parameter,
(Zi /G ) , where G refers to the lapse rate within the
o 1 1
capping/marine subsidence inversion, 4) a C varying with bulk
ABL stability, Zi /L, where L is Obukhov length, and 5) a
o
force balance criterion, w/N, ( where w is the vertical
velocity component of the local wind speed and N is the
Brunt-Vaisala freguency) . In 5) inversion displacement is
determined by a balance between w along the nearest upwind
slope and the overall supra-ABL stability. Sondes and/or
towers are needed in addition to SODAR data to implement
schemes 3) - 5)
.




n io, k i=l , i=k i
Z (x,y) = I . (9.1)




However, the distance, r = (x -x) + (y -y) , was modified
2 i i i
by the aspect ratio, A
,
of the local terrain height contours
surrounding each SODAR site, so that
2
R - ( A - ((A - 1)/A) sinG )r . (9.2)
i i
where £ is the angle of the minor aspect with respect to the
site direction. In effect this "ovalizes" each SODAR 's
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circle of influence according to the terrain.
Methods 3 and 4 invoke ad hoc expressions with empirical
coefficients. The idea in method 3 is that small values of
Zi /G less than 1000 indicate a low, stable, nocturnal ABL.
o 1
Strong stability tends to suppress the vertical mixing needed
to couple the surface momentum stress and heat fluxes to the
rest of the ABL. Thus, the contour of the top of the stable
ABL has less tendency to follow the underlying terrain. On
the other hand, higher values suggest a range from convective,
clear ABLs with C ~ 0.6 - 1.2, down to low, quiescent, likely
stratus covered ABLs with C less than 0.6. With the caveat
that our data did not include stable cases, we still found by
inspecting an array of values that optimal correlations
resulted for method 3 from the simple form (see fig. 25),
Zi = Zi + (log(Zi /G )/a - b )h
, (9.3)
o o 1 3 3
where a =3.0, and b =0.4.
3 3
Similarly, method 4 assumes that C is large when the
bulk ABL stability parameter, Zi /L, is negative and small
o
when positive. Under convective conditions (L < ) , Zi is
is strongly influenced by local thermals which mix ABL air
into the capping inversion aloft. As convection increases,
the thermals assume large vertical/horizontal aspect ratios.
Figure 26 suggests that near zero (neutral conditions) we
expect C to drop rapidly through the range, 0.7 to 0.3.
Since kL (where k ~ 0.4 is von Karman's constant) defines the
height from the surface at which momentum flux drops below
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Fig. 25 Assumed behavior of C in method 3 using the supra-ABL













Fig. 26 Assumed behavior of C in method 4 using the bulk ABL
stability parameter, Zi /L.
o
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the heat flux, method 4 argues that local surface fluxes also
influence inversion contours.
The modeling expression must be necessarily somewhat
complex because of the assumed sigmoid nature of the curve.
Thus, we used,
-1
Zi = Zi + a - (b /pi)tan (d + e *Zi /L)
, (9.4)
o 4 4 4 4 o
where a = 0.475, b = 0.95, d = 0.1, and e = 0.4.
4 4 4 4
By contrast method 3 argues that inversion strength has
more bearing on terrain followingness than surface condition.
However, Zi /L correlates with inversion strength. Highly
o
negative values suggest moderate capping inversions, near
zero values suggest stronger inversions, and highly positive
values indicate a strong surface based inversion. However,
method 4 , has the advantage that it can be assessed with
surface towers and a non-local SODAR or rawinsonde.
Although we do not have enough data to confirm the
following effect, method 4 also may mimic an effect often
seen in the lee of Tranquillon Ridge. The ridge rises east
from Pt. Arguello to an average height of ~ 350m, while the
strong regional subsidence inversion typically caps the mixed
layer at heights of 400-600m. With this geometry, moderate
winds will cause a leeside bora jet which draws down the
inversion. The enhanced stress will drastically increase L
and cause C to drop quickly, resulting in a lowered
inversion. Of course, the method cannot model the downwind
hydraulic jump which occurs at higher speeds.
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Method 5 assumes a force balance similar to the critical
streamline idea (see Hunt et al. 1979), except that this
method does not require stable flow. That is, the vertical
component of the bulk ABL wind, U, as it moves upslope from
low-lying terrain, is assumed to be w = UsinO, where $ is the
nearest upstream slope angle. Meanwhile, the incurred
negative buoyancy opposes the ABL's vertical motion. Thus,
assuming zero acceleration, hydrostaticity , and constant
lapse rate, the force balance is roughly,
wdw/dz = gA9/T . (9.5)
o
If we assume that the bulk ABL vertical velocity reaches zero
at an inversion deformation height, Az, then integration
leads immediately to
AZ = w (T /gG ) = w/N . (9.6)
o 2
Here, we picture the rising ABL as lifting rather than
penetrating the air mass above. Hence, unlike method 3, G
2
refers here to the bulk lapse rate of the entire layer above
the ABL. In this way, method 5 combines a local dynamical
measure, Usin $, with the horizontally more extensive, G .
2
This mimics 3-D modeling results from Han et al. (1982) which
show that the height and shape of the ABL in complex terrain
depends on wind direction.
Methods 4 and 5 are also qualitatively consistent with
changes expected across the chronic, local, stratus front
discussed in section VIII. That is, the mild instability
under stratus increases dramatically near the front, allowing
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the inversion to become more terrain following, as in method
4. The local pressure gradient caused by the surface heating
difference also induces a speedup reflected in method 5.
IX. 3 CORRELATION ANALYSIS
Correlation coefficient, r, normalized root mean square
error, RMSE, normalized mean bias, MB, and a confidence
interval of +/- two standard deviations were used to optimize
and compare our estimates with results from our mobile SODAR
data. Normally, the sonic anemometer is used for heat flux
and stress values. However, sonic readings were unreliable
during some periods, due to baseline drift. Yet, we could
still assume free convection for the mid-to-lower SODAR range
gates. As discussed above, heat flux and thus L was
estimated from the SODAR returns during those instances.
As shown in Table 1, each method improves on objective
analysis by statistically significant increments ( > 2 sigma
confidence interval), with method 2 (terrain parallel) and
method 3 (supra-ABL stability) correlating best with mobile
sodar data. Method 4 ( bulk ABL stability) lags slightly,
but the difference is statistically insignificant. This may
be due partly to the limited sample size (600 points) and the
unavoidable degradation of the SODAR returns under a chronic
stratus deck as indicated by the RMSEs. This points to the
fact that though longer sampling times would have helped
stabilize L, this would further limit the sample size as well
as terrain coverage. Data noise probably also limited the
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total r values. The small positive mean bias which remained
after calibration between mobile and fixed sodars may stem
from instrumentation differences or possibly shadowgraph
interpretation differences. However, recalibration by the
apparent bias invariably tended to degrade correlations.
METHOD r MB +/-2o RMSE
2
1) Zi (based on 1/r ob j . analysis) .360 .078 .074 .422
o
2) Zi + h .711 .140 .043 .397
o
3) Zi + [log(Zi /G )/3 - .4]h .711 .139 .043 .393
o o 1
4) Zi + [.475 - (,95/pi)* .702 .140 .050 .404
o
-1
tan (0.1 + 0.4*(Zi /L) ) ]h
o
5) Zi + W/N .503 .096 .064 .420
o
Table 1. Statistical Comparison of five terrain following
inversion height algorithms.
Individual statistics were obtained for each fixed SODAR
and for all possible combinations. However, those presented
above are based on just the two northern SODARs 1 and 2.
Correlations were significantly lower when SODAR 3 (located
at the tip of Pt. Arguello) was included. This and results
from previous studies (Kamada et al. 1989) suggest that very
local dynamics operate at this site. For example, we find
that the prescence of Tranquillon Ridge tends to channel the
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Fig. 27 Hourly correlation coefficients for the five methods
CORRELATION COEFFICIENT vs DAY
£.4 y
Fig. 28 Daily correlation coefficients for the five methods
chronically northerly winds over the SODAR site.
The diurnal and daily correlations in figs. 27 and 28
show that the algorithms generally improve upon the objec-
tively analyzed estimates. In fact very large improvements
over objective analysis occurred during morning hours, while
the objective analysis scores rise in the later afternoon to
close the gap. The mobile sodar began most morning transects
from the Ocean Park site at the mouth of the Lompoc Valley
near sea level, while the two sites serving as a basis for
the objective analysis were situated to the north and south
at elevations of 100 and 112m, respectively. Thus, the
terrain height difference, together with funneling into the
mouth of the valley, may have caused the anti-correlation
with objective analysis seen in hour 8. While many morning
measurements were taken within 10km of the coastal SODAR, we
tended to visit some of the more distant inland sites around
mid-day. This may explain why the objective analysis scores
are low during this period. It is promising to note that the
other methods maintain improved scores during this period.
Methods 2, 3, and 5 show significant improvements over
objective analysis at all hours, while relative scores vary
more with method 4, due to local variations in L. Method 5
appears generally less adept, though still a significant
improvement over objective analysis. In judging method 5,
note that it is the only method which was not data tuned,
since it is a physical rather than semi-ad hoc expression.
Figure 28 shows on a daily basis that the algorithms
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outperform pure objective analysis, except for method 5 on
day 6 of the July period. We note that the synoptic
situation for days 2 and 3 was complex, with easterlies
during the pre-seabreeze period and northerlies ~ 10:00. On
day 3 the usual mid-morning westerly Seabreeze did not
appear until 13:00. Meanwhile, mid-day southwesterlies were
seen at the mouth of the valley. This suggests that the
Seabreeze gradually overcame a strong opposing easterly.
Opposing easterlies tend to drive inland advected marine
inversions toward the surface, as seen in the day 3 SODAR and
rawinsonde data. Certainly, objective analysis from the
near-coastal SODARs cannot diagnose this condition. Thus, it
is significant to note that the simple algorithms in methods
2-4 maintain reasonable data correlations during this
period. Again, in the day by day comparison, methods 2, 3,
and 4 appear quite competitive overall and statistically
indistinguishable, while method 5 clearly lags the others.
IX. 4 ABL HEIGHT CONTOURS
As a different comparison method, inversion height
patterns were determined by normalizing heights and grouping
data within an initial pre-seabreeze period and five later,
equi-spaced segments of "seabreeze time". Hence, period 2
begins as mean coastal winds exceeded 2 m/s, while period 6
ends at 19:30, shortly following the last van records.
Unlike seabreeze initiation, the 19:30 cutoff is simply
arbitrary but convenient, since the wind data do not show a
temporally distinct seabreeze cutoff. Within each period, we
normalized heights by the coeval SODAR 2 heignt multiplied by
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Figs. 29a - e. Terrain map and sampling sites during
Seabreeze periods 1-6. Contours in meters msl.
the period averaged SODAR 2 height. We also period averaged
all co-located values. However, the spatial sampling density
was probably insufficient to validly interpret the resulting
contours as typical of the domain. Yet, since estimates were
computed for the same times and locations as the mobile SODAR
sites, they may be used to compare different methods with
data. Figures, 29a - e, show the mobile SODAR sampling
sites during Seabreeze periods 1-6.
In figs. 30 - 35 we have omitted the expectedly dull
contours derived from objective analysis. However, the
figures displayed do show that methods 2-5 retain the
general features suggested in the data. However, method 4
(bulk ABL stability) sometimes seems to add new features or
markedly accentuate existing ones. It manages to retain a
fairly high correlation by also capturing smaller existing
features more often than the other methods. Conversely,
method 5 (force balance) tends to mildly dampen existing
features, but otherwise does general patterns surprisingly
well. The strictly terrain parallel method 2 appears to
coincide very slightly better with the data than the other
methods. However, we cannot say that it is clearly superior.
Without regarding the displayed smaller scale features
too seriously, we note that the data based figures: 30a -
35a, together show some generally characteristic features. 1)
The northwest to southeast inversion height gradient,
apparently indicated during the pre-seabreeze period,




Figs. 30a - e. Sample inversion height contours (in meters
msl) during pre-seabreeze period 1, from mobile + f^ed
SODAR data and also from methods 2 - 5 (plus fixed SODAR





































Figs. 31a - e. Sample inversion height contours (in meters
msl) during Seabreeze period 2, from mobile + fixed SODAR
data and also from methods 2-5 (plus fixed SODAR data)
.
Order is left to right and top to bottom:
84
2£cC 3850 -^vN 8 t
"S t£T
7PSf




//^^X , ) , ^ 5
fi
^£ - 2 5
c:
.




JC J L ^
Figs. 32a - e. Sample inversion height contours (in meters
msl) during Seabreeze period 3, from mobile + fixed SODAR
data and also from methods 2-5 (plus fixed SODAR data)
.
Order is left to right and top to bottom:
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Figs. 33a - e. Sample inversion height contours (in meters
msl) during Seabreeze period 4, from mobile + fixed SODAR
data and also from methods 2-5 (plus fixed SODAR data)
.
Order is left to right and top to bottom:
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Figs. 34a - e. Sample inversion height contours (in meters
msl) during Seabreeze period 5, from mobile + fixed SODAR
data and also from methods 2-5 (plus fixed SODAR data)
.
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Figs. 35a - e. Sample inversion height contours (in meters
msl) during Seabreeze period 6, from mobile + fixed SODAR
data and also from methods 2-5 (plus fixed SODAR data)
.
Order is left to right and top to bottom:
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southwest to northeast gradient. Preliminary larger scale
(200km x 200km) modeling by Yamada and Bunker (personal
communication) also shows this afternoon gradient, presumably
due to strong upslope flow toward the high Sierra Madre ridge
northeast of Vandenberg. Kamada and Mikkelsen's (1990)
analytical results show in general that the magnitude of
thermal forcing increases with the square of the horizontal
scale. Thus, the presence of the Sierra Madre ridge (in
excess of 100km from Vandenberg) causes the local flow to be
very much a mixture of Seabreeze and upslope forcings.
However, for convenience we will continue to refer to the
local circulation as the Seabreeze.
2) The strong initial west to east gradient undergoes a
mild reversal in period 5. This coincides with suggestions,
seen in periods 2 - 4, of an inland moving subsidence zone
which trails the Seabreeze front. By period 6 the inland
heating has ended and this effect disappears. 3) As expected,
much more structure appears during the strong inland heating
periods, 2-5, than in periods 1 or 6 . This may indicate
local, terrain/coastline altered, convergence/ subsidence
zones. However, it may also be an artifact of the sparsity
of data during the pre- and late Seabreeze periods.
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X. CONCLUSIONS
The VBLS series of experiments resulted in a set of
surface and boundary layer measurements which can be used to
initialize or validate both operational and research oriented
flow and diffusion models for VBG. The data covers a fairly
wide range of sea breeze dominated conditions; 3 seasons with
strong to negligible synoptic influence, southwest to
northwest mean flow directions, and total to nonexistent
stratus cover.
Rawinsonde comparisons showed that and 12 Z ascents do
an adequate job of observing winds between the boundary layer
top and 2000 m, since changes occur on a longer than diurnal
time scale. Estimation of the boundary layer height from
rawinsonde thermodynamic profiles is very location dependent,
and sometimes misleading.
Characteristic VBG DASS shadowgraphs were discussed in
terms of interpreting boundary layer heights and observed wind
profiles. Stratus cover or the presence of a TMIBL can make
selection of a boundary layer height difficult.
It is preferrable to use DASS shadowgraphs and wind profiles
in concert with rawinsonde data when estimating boundary layer
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heights for input to flow or diffusion models. We suggest the
following technigue:
a) correlate the latest rawinsonde
thermodynamic profile with the local DASS
shadowgraph. Identify the echo feature
which best represents the mixing layer
using the guidlines suggested in section VI.
b) If possible, trace that echo feature to the
current time. If the feature is not
traceable, evaluate the current shadowgraph
using knowledge of changes in stratus
cover, ground fog, surface inversions, or
boundary layer winds.
The VBG region was divided into 4 regions of grossly
similar terrain. Traditional roughness lengths which depended
primarily upon the surface cover for each region were
determined. Heat flux was shown to be primarily a function of
the solar insolation and an empirical formula was proposed.
For flow or diffusion model input, we strongly suggest basing
heat flux on measurements of solar insolation as opposed to
tower temperature differences. This would require added
pyranometers at both coastal and inland sites due to the
strong dependence on stratus cover. Estimates of the




Wind speed and directional variability were shown to be a
function of region. The wind direction variability across
North Base and the Lompoc Valley was similar to the
variability measured by the VBG base tower network.
Variability was greater in the South Base and East Hills.
Wind speeds were similar in all regions except the Lompoc
Valley, where they were roughly 50% higher. For medium range
(5-50 km) diffusion, we suggest using the spatial variability
between towers as a measure of the "hazardous corridor"
instead of the local (release site) standard deviation of the
surface wind direction. This corridor could be adjusted based
on knowledge of the region in which the plume is travelling.
Vertical wind shears of speed and direction were not a
function of region. The degree of shear was not normally
distributed. Even though the distribution of directional
shear was very similar to the speed, they were not strongly
correlated to each other. There was correlation with boundary
layer wind direction difference (from the base average) , and
the local measure of roughness length.
On average, vertical boundary layer turbulence was
generally similar to that predicted for the flat terrain case
in the North and South Base regions, but there was a large
amount of scatter. Unexpectedly, vertical turbulence in the
Lompoc Valley and East Hills was less than flat terrain
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predictions. For daytime medium range diffusion model
applications, we suggest basing turbulence intensities of
DASS measurements of vertical turbulence through the middle
part of the boundary layer. We also suggest installing at
least one DASS at a sunny inland location.
A boundary layer drag coefficient was defined which could
be used for predicting boundary layer average wind speeds
above a surface observation.
A variety of boundary layer height parameterizations were
examined. All cases showed the importance of including
terrain height in the formulation. A technique using the bulk
boundary layer stability was found to be marginally superior,
and can be applied at VBG with current meteorological
information and terrain information.
Measurements of the transition in the atmospheric boundary
layer during flow from a stratus covered ABL to clear sky
conditions indicate that a rapid increase in boundary layer
height occurs on the sunny side of the boundary which may be
accompanied by a decrease on the cloudy side. A simple TMIBL
rise model does not account for the sudden growth near the
stratus transition. It appears that mass adjustments occur
which are consistent with baroclinicity within the boundary
layer. A trend from veered to backed mean boundary layer wind
direction occurs as the front is transected from cold to warm.
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Acceleration occurs in the vicinity of the front, but its
location relative to the front is variable. Measurements of
the vertical wind shear are also consistent with Wyngaard's
theory of the unmixed nature of the boundary layer in the
presence of a baroclinic zone, but the placement of this zone
is contradicted by surface temperature measurements and
modeling results. Based on these effects and the dramatic
influence of stratus on heat flux (and therefore boundary
layer turbulence) , more research should be directed toward
cloud edge effects. Realistic diffusion models should include
the stratus edge as a required input and adjust flow and
diffusion accordingly.
The inversion height prediction methods examined here
under sea breeze conditions all show strong correlations with
data. Though an objective analysis based solely on the two
coastal SODARs was included in each method, the more complex
methods all earn correlation scores distinctly superior to
pure objective analysis. The small correlation differences
among methods 2-4 are not statistically significant, while
method 5 appears clearly inferior. Methods 2-4 maintained
fairly high correlations with the mobile SODAR measurements,
even when their objectively analyzed components exhibited
relatively poor correlations during inland excursions and one
period of unusual flow. From these preliminary results, it
seems that the simple terrain parallel assumption in method 2
is at least as suitable as more complex assumptions during
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non-winter daytime hours for the Vandenberg region. The
pattern recognition involved in the contour comparison
technique also shows a slight advantage with method 2.
Moreover, we find that method 5 retains a fair degree of
coincidence, while method 4 tends to accentuate existing
features or even introduce new ones. Thus, we suggest that
the simpler methods, 2 or 3 , be employed in diagnostic flow
models
.
In general, the terrain followingness coefficient
methods simply alter some reference Zi measurement. This
allows for the possibility of some improvement in the
inversion height diagnosis by capturing a portion of the
Eulerian time change. That is, in lieu of a coeval upwind
measurement, we could use an upwind measurement lagged
backward in time by an amount equal to the distance to the
site of interest, divided by the mean local wind speed. We
would then assume that the Lagrangian advective changes were
included in the alterations used in methods such as 4 and 5.
In this vein, Method 4 can also be refined slightly to account
for downstream stability changes. If we assume that changes
in L affect the inversion within a convective turnover time of
kZi/w
,
then Zi will change at a downwind distance, kUZi/w.
Previous analytic work (Kamada, 1988) suggests that the
minimum velocity for an entraining eddy is ~ 2w . This
implies a k - 0.5. Hence, for typical convective ABL values,
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the site measurements required to implement method 4 should
really be applied to downwind distances on the order of 1km,
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APPENDIX A. DATA DESCRIPTION AND MEASUREMENT TECHNIQUES
(SPECIFICS)
The following text details equipment and analysis techniques
summarized in the associated report "VBLS Final Report -
Results"
.
The SODAR is a combination of Radian Echosnde
electronics and RemTech antennas. Transducers are 200 W JBL
speakers and the operating frequency is 1600 Hz. As with
most SODARs, the standard outputs are 3 dimensional mean and
turbulent winds, and range-square-corrected backscattered
power from which mixing depths and inversion heights may be
inferred. A tiltmeter mounted on the antenna frame supplied
the true zenith direction, and boundary layer heights and
winds were corrected accordingly. A compass supplied
corrections for true wind direction. Maximum range is, of
course, a function of atmospheric conditions and background
noise. In a cloud free marine boundary layer during a
typical California summer day the system has no problem
retrieving data through the whole depth of the boundary
layer with an averaging time of 5 minutes and vertical
resolution of 25 m. The introduction of a marine stratus
deck usually causes some range degradation. Typically, wind
data under stratus was contiguous from the surface up to
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about 200 m (depending upon the surface heating and wind) , a
mid-boundary layer data gap was observed, and above that a
few wind values within the cloud top inversion were
recoverable. For some cases, stratus complicated the
selection of boundary layer heights based on backscattered
power. Clouds which were busily entraining air sometimes
produced 2 layers of high backscatter. During light wind
conditions, multiple stable layers occasionally produce many
echo layers within the clouds. (These problems are not
unique to our SODAR, and will be encountered to some degree
with any acoustical system under stratus cover.)
Automobile noise was only a problem when it was more or less
continuous. A few passing vehicles were easily filtered out
by the system.
Surface fluxes of momentum and heat were obtained using
eddy correlation with a Kaijo Denki Dat-300 sonic anemometer
sampling at 6 hz and mounted above the SODAR on a
telescoping mast at 5 m. The need to navigate trees and
elevated wiring limited the measurement height/antenna
height aspect ratio to 2X. The low measurement height also
meant that flux measurements represented a fairly limited
local area, say a few hundred meters upwind of the sensor.
To perform a measurement, a site was selected with a
homogeneous upwind fetch of at least .5 km. The anemometer
was rotated to within 30 degrees of the mean wind direction
to avoid sensor support contamination, as in Grant and
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Watkins (1989) . Also, only time series where the
trailer/mast was upwind of the towing vehicle were
considered. The time series were first screened for
stationarity in wind speed and direction, then fluxes were
calculated using the covariance method. As is common
practice, the mean vertical velocity was assumed to be unity
and wind vector coordinates were rotated appropriately to
minimize the effects of sensor tilt. Schotanus et al.
(1983) has shown that Kaijo Denki measured heat fluxes are
artificially low, due to humidity and velocity fluctuations
along the path of the temperature measurement with errors
typically 10-20%. Their suggested Bowen ratio correction
techniques were implemented. Then by definition,
H = w'Tv ' , (Al)
u* 2 = -u'V
,
(A2)
where H is the total (sensible and latent) heat flux and u*
is the friction velocity.
Due to instrument drift, values of H calculated from
the sonic were sometimes unavailable. In order to fill
these gaps, and to increase statistical confidence, we
averaged H with a value determined independently from the
SODAR power returns. That value was derived as follows. We
consider only sunny/clear sky cases for which we assume free
convection over the altitude band -L to .8 Z^^ Since we did
10]
not know L explicitly for all cases, and since L requires
longer time averaging than was the case for most location
visits, we chose 65 m as the lower altitude limit. This
height was greater than .1 Zi for 95% of the data and
larger than -L for 90% of the regional averages of L. Over




= Kx H 4/ 3 z' 4/ 3 (T/g) 2/ 3 (A3)
where K^ is a constant. A good assumption which relates the
range-squared corrected power return from the SODAR is
CT
2
= K 2 P e
2az
. (A4)
Here K 2 is a system constant, P is the power, and a is the
absorption coefficient for sound which we assumed to be .002
based on 50% relative humidity and 1600 Hz. From these
equations we calculated values proportional to the heat flux
averaged over the free convection layer. We then calibrated
these values against the sonic for locations where both
instruments were operating and the terrain was flat and
uniform. The resulting calibrations were then applied to
all of the clear sky cases.
Selecting an appropriate averaging time is always a
difficult task, particularly in convective conditions.
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Because heat and momentum flux scale with z (Kaimal et al
.
1972) , the low measurement height allows for very little low
frequency contribution to the cospectra. Still, we need to
average long enough to account for the passage of many
boundary layer scale eddies. For low (z < 20 m)
measurements and convective conditions, Wyngaard (197 3)
argues for averaging times of at least 1 hr for stress. For
this paper, we require surface heat fluxes, which need
significantly less averaging than stress in order to achieve
the same degree of accuracy. Wyngaard estimated that heat
flux need be averaged only 1/8 as long as stress. But these
estimates were based upon the Kansas data. The addition of
instationarity due to sea breeze and complex terrain further
complicates our selection of averaging time. We were also
forced to compromise between obtaining a large number of
SODAR samples at many locations (as mandated by the
experiment objectives) and using a longer averaging time.
Our solution was to extend the concept of "effective" fluxes
of heat by averaging short records at multiple locations to
account for inhomogeneity between sites. The first step was
to select a base time series length which was long enough to
capture most of the covariance spectra. We selected 5
minutes, which should conservatively capture at least 90% of
the flux for a wind speed of 5 m/s (Panofsky and Dutton,
1984) . We then averaged all 5 minute values for each visit
to a particular location. Those averages and the total
averaging time are supplied in Appendix D. The "Regional
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Analysis" section of "VBLS Final Report - Results" we
extended this idea one more step and averaged between
locations. This technique suffers in assuming that we are
randomly sampling eddies which are independent of our
location. However, it does attack the inhomogeneity
problem, which can be severe for low measurement heights.
APPENDIX B. BACKROUND METEOROLOGICAL (CHARTS AND MAPS)
The major features for each day of VBLS are described
by stepping through a range of scales from synoptic
meteorology to local flow fields. Days 1-3 are 18-20 May
1988, days 4-7 are 26-29 July 1988, and days 8-11 are 18-21
October, 1988. A summary of these observations is presented
in "VBLS Experiment Final Report - Results".
500 mb Analysis
The 500 mb surface heights (m) are shown as solid lines.
The isotherms (deg C) are shown as dashed lines.
Day 1. A fast moving trough passed through California and
VBG was under veering northwest flow all day.
Day 2. At 500 LST the northwest pressure gradient was still
present and only slightly less than day 1, but by 1600 the
gradient had weakened significantly.
Day 3. The weak northwest gradient remained. Also,
temperatures had remained about the same for all of days 1-
3.
Day 4. Note that the isoline intervals have decreased from
those used for days 1-3. VBG was under a veering southwest
gradient flow, with slowly decreasing temperatures at 500
mb.
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Day 5. The gradient continued to veer and by 1700 LST was
northwest. The temperatures bottomed out and were a few
degrees cooler than day 4
.
Day 6. Temperatures begin to rise as a high approaches from
the west. Gradients over VBG continue to veer and were due
north by 1700.
Day 7. The rotation of the flow since day 4 was completed,
as a northeasterly was again present over VBG.
Day 8. Note that the isoline intervals have been increased
from days 4-7. VBG is under the influence of high pressure
west of San Fransisco, with a fairly strong northeasterly
gradient flow.
Day 9. The high migrates a bit to the north, but flow and
temperature over VBG remain unchanged.
Day 10. Temperature rises and flow veers as the high
appears to slide to the northeast.
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Surface Synoptics and Stratus Cloud Deck
The surface isobars (mb) are shown as solid lines. The
isotherms (deg C) are shown as dashed lines. Wind barbs are
in m/s. An example of a visible GOES image is shown for
each phase of VBLS.
Day 1. The spring experiment started with passage of an
upper level cold front, resulting in unusually strong
northerly winds and clear conditions. The charts OZ, 5-18
through OZ, 5-19 show brisk northerly winds throughout the
central valley and northern coastal areas of California
produced by a N-S pressure gradient. The gradient never
appears to reach S. California, however, where winds are
much more variable. It is clear from the temperature
contours that diurnal heating in the southern inland valley
and desert regions is intense and swamps any cold air
advection from the frontal passage. This is undoubtedly a
primary cause for the cold front breakup.
Days 2-3. The major pressure and temperature gradients on a
regional scale are in a line from N. California southeast to
the Utah/Arizona border, reflecting a cold continental air
mass over the N. Rocky Mtn. states. To a lesser degree,
temperature gradients align with the coast in C. and S.
California, but the pressure gradient is weak and less
organized. Remnants of the day 1 weather system produced a
moderate pressure gradient and northerly winds in the
valleys to the east of Los Angeles on day 2. Coastal
midday sea breeze winds could be considered typical for
spring over most of California; northwest in direction at
and to the north of VBG and west/southwest directions in S.
California. No significant fog bank was observed anywhere
near California during any of the spring experiment days as
is evident from the satellite images.
Day 4. During all of the summer experimental days, the main
synoptic feature influencing VBG was the thermal low
centered roughly over the Mohave Desert. The isotherms
roughly parallel the isobars in then coastal zone. Winds
were generally NW at VBG and in the San Joaquin Valley, but
fairly light. Southwest winds in S. California were quite
strong, and crossed the isotherm/ isobars at nearly right
angles. The satellite photo shows a large stratus bank
extending from the tip of Baja to north of San Francisco and
1000 km to the west. The Santa Barbara Channel cleared out
during the day, but completely filled back in at night.
Day 5. Similar to day 4, except that the NW flow along the
central coast was stronger. Also, a second thermal low
developed over N. California. The fog bank remained intact.
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Day 6. The southern low has moved a bit to the north.
While there is still some cross isobar flow into the low in
the S. California area, it is weaker, and more stations
record along isobar northwesterly flow. The northern edge
of the fog bank has migrated significantly to the south over
the last day, and was 100 km north of VBG at 1700 LST.
Day 7. Pressure, temperature, and wind patterns were
roughly the same as day 6, but coastal winds are slightly
weaker on average due to a strengthening of the fog bank
which reappears along central and northern California.
Inland penetration of stratus is relatively deep at many
coastal sites, including VBG.
Day 8. The fall experiment was characterized by the 2
thermal lows described above, but pressure gradients along
the coast were significantly weaker than during summer.
This is somewhat surprising, since the thermal gradient was
comparable to the summer scenario. The strongest coastal
winds on this day were in the San Francisco Bay region,
with VBG marking the transition from C. California
northwesterly to S. California southwesterly flow. The
stratus deck was from San Francisco to the Mexico border.
S. California had unusually persistent fog on this day.
Day 9. Temperatures were lower along most of the C.
California coast on this day. Pressure patterns were the
same as for day 8 . Winds were northwesterly at most
stations in S. California. The fog bank migrated slightly
(200 km) to the south, but VBG was still solidly in the
fog.
Day 10. A weak coastal pressure gradient coupled with light
winds over most of the California coast and valley regions.
The stratus bank was significantly larger than the previous
day, reaching from C. Baja to N. California. The Santa
Barabara Channel never cleared on this day, and this was the
foggiest day at VBG during the VBLS period.
Day 11. The stratus bank was the same size as on the
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The wind barbs (m/s) are hourly 12 ft averages from the
Santa Barbara Air Quality Control District mesoscale
network.
Day 1. The early morning charts show significant
northwesterly winds only at the coastal sites, most likely
reflecting the insulating effects of the nighttime surface
inversion at inland locations. Remember, there was a
northerly pressure gradient and no cloud cover on this
night. This effect is reduced during the days, and the
general pattern is more westerly winds near Santa Maria,
with more northerly winds to the south of VBG.
Day 2. The morning winds (100, 700 LST) are extremely
variable, with the exception of Pt. Arguello at 100. The
strong 20 kt winds during clear conditions indicate that
this anomaly which is often referenced is not exclusively a
fog edge effect. The afternoon winds are consistent and
westerly over the northern part of the region and in Lompoc,
northerly at Pt. Arguello, and switch from onshore (south)
to offshore (north) at the Santa Barbara Channel stations
some time between 1300 and 1900.
Day 3. 100 and 700 maps are similar to day 2, including the
strong 100 wind at Pt. Arguello. Coastal winds at 1300 are
all onshore and inland winds are mostly westerly. The
stations immediately at the coast most likely reflect local
responses to the maximum heating which occurs at this time.
The 1900 chart is still westerly in the north, but much more
variable at other sites. Offshore flow is again suggested
along the Santa Barbara Channel.
Day 4. 100 winds are light and variable with the exception
of Pt. Arguello, as was the case during the spring. 1300
winds are near westerly at most stations. 1900 shows
increased variability in the Santa Barbara Channel, and the
onshore/offshore preference of days 2 and 3 is missing.
Day 5. Variable 100 winds become light and westerly in the
northern areas by 700. The 1300 map has generally west
winds everywhere, which become light and variable by 19 00.
Day 6. Variable 100 winds gave way to consistent coastal
onshore winds at 700 (west near Santa Maria, Pt. Concepcion
and south in the Santa Barbara Channel) . 1300 winds are
slightly veered from their 700 directions and the 1900 flow
is variable.
Day 7. Light and variable conditions dominate until 1300
when coastal sites are westerly. Inland sites remain
variable all day.
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Day 8. The fall data is missing many of the Santa Maria
area towers, but based on the previous data, the lone tower
( #2 ) should be representative of the flow in that area.
The early morning charts show easterly winds at all
locations in the Channel. At 1300 those Channel stations
were registering southerly winds; this included Pt.
Arguello. Lompoc and Santa Maria were in northwesterlies.
By 1900 the wind had reversed at Pt. Arguello to the north,
veered to the north at Santa Maria and Lompoc, and become
variable in the Santa Barbara Channel.
Day 9. At 100 the winds at most stations were decidedly
northwesterly. At 7 00 the eastern Channel was experiencing
southerly flow which continued through 13 00, while the
western locations were typically northwesterly. By 1900
most of the Channel towers showed offshore (northerly) flow,
and inland stations were variable.
Day 10. Early morning was quite variable, except for
northwesterlies near Pt. Arguello. At 13 00 the typical
pattern was established (west in Santa Maria/Lompoc,
northwest at Pt. Arguello, southwest in the Channel)
.
Again, at 1900 the Channel winds are more variable.
Day 11. Flow is light, but consistent and northerly at 100
in the southern areas. At 13 00 winds are westerly in the
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The wind barbs (m/s) are hourly 12 ft averages from the VBG
base WINDS network. When the stratus edge was observed,
its location is given as a dashed line on the base maps.
Day 1. The frontal passage results in consistent north-
northwesterly winds over the entire base during the morning,
with slightly stronger winds over S. Base. Wind speeds
increase at most towers starting at 1000, and there was a
tendency for winds to be more westerly in the valley areas
(near Towers 9 and 59) , and more veered on the mountain tops
later in the day (14, 19). This pattern was repeated on
many occasions during the experiment and could be considered
as the typical midday wind field. Speeds drop dramatically
by 2200 and directions are much more variable, especially
near Pt. Sal.
Day 2. Some early morning strong winds were measured at Pt.
Arguello and at 014, by 700 winds were light and variable
everywhere. At 1000 winds are coast-perpendicular, even
near Pt. Sal and 53 where that makes them southwesterly. By
1300 flow is uniformly northwesterly everywhere except Pt.
Arguello and 014 where it was slightly veered and stronger.
This general pattern continued until 2200 when winds were
more northerly, but lighter and more variable.
Day 3. Night winds were either northerly or easterly,
especially at lower locations. By 1000 they had
dramatically changed to roughly northerly at all towers, and
then the typical weak westerly pattern at 1300. Towers 14
and 19 shift from north to south between these two time
periods. By 1600 northwesterlies dominated the base. This
was a very complicated day, since the trailer observed
southwesterlies near the mouth of the Lompoc valley during
midday.
Day 4. Night winds were light and north-northwesterly
everywhere except near Pt. Sal (Towers 59 and 60) , where the
flow was contrary to the mean direction. (This feature was
also observed on the evening of day 1.) The pattern changed
very little until 2200 when the evening veering occurred.
Day 5. Flow began decidedly northeasterly along the S. Base
coast and generally northwesterly elsewhere. The 1000 chart
was actually more veered than at 1600 when all towers
measured west-northwest flow. This trend reversed after
that and by 2200 the typical evening pattern had established
itself. To be specific that pattern is a) backed
(northwest) in the lowest points of the valleys (Towers 50,
9), b) veered at higher locations (Towers 58, 14, 19), and
212
terrain following along the tall coastal bluffs
(17,60,18,3 00, 2 00,301)
.
Day 6. The evening wind pattern of the previous day became
generally northerly by 700. Maximum backing occurred near
1300. Significant veering did not occur until 1900, as on
the previous day. All in all, very similar to day 5.
Day 7. Winds at 100 were again in the evening pattern, but
by 1000 most towers were recording southwesterlies. They
persisted through 1300, when the most backed winds were
along the S. Base coast, and the lone "mountaintop" tower,
19, was northerly. Winds gradually veered through the day
and were solidly northwesterly by 2200.
Day 8. Generally light easterly winds covered the base
until 1000 when the sea breeze front was somewhere in the
middle of the base with the coastal sites in westerlies and
inland sites in easterlies. The typical midday pattern was
established by 1300. By 1600 speeds were already dropping
and the evening pattern had set in by 1900.
Day 9. At 100 flow was unusually westerly in the valleys,
by 4 00 the evening pattern returned and lasted the rest of
the morning. Winds stayed unusually northerly along the S.
Base coast all day, and the evening pattern set in at 2200.
Day 10. Variable conditions were the rule until 700 when
most towers measured easterlies. At 1000 there again was a
convergence zone in the middle of the base. The 1300 and
1600 charts had low speeds and generally westerly
directions. A rather rapid veering to the evening pattern
occurred some time before the 1900 map.
Day 11. Variable 700 flow becomes north/northeast by 1000
at most towers. Light but uniform northwest flow is
prevalent at 1300. Atypically, winds continue to back
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APPENDIX C. RAWINSONDE SUMMARY
During each phase of VBLS, rawinsondes were launched
from the NPS mobile laboratory to supplement the base OZ and
12Z ascents. Some additional base soundes were launched at
intermediate times (6,18Z) in support of VBLS. The NPS
ascents occurred only during operations, and at times were
staggered with the base launches (15,21,03Z). Several
launches are missing for a variety of logistical reasons.
A summary of all launches is supplied in the following
table. The traditional rawinsonde information has been
compressed for this report into a few important guantities
relative to the boundary layer. Complete rawinsonde files
are available on reguest. For each ascent, a primary
boundary layer scale inversion was identified based on 1) a
strong temperature inversion, and 2) a large negative
moisture gradient. The inversion bases and tops are
identified in the table. In most cases, the inversion base
was well-defined by the above criteria. A sharp change in
the temperature gradient was not always apparent, and
therefore the inversion thicknesses reported can be guite
variable. In some instances a surface inversion was present
and these ascents can be identified by or very low
inversion base heights (i.e. 10-17-88 458 LST) . In a few
cases, a very shallow surface fog layer resulted in
artificially low boundary layers based on the above
301
definitions (i.e. 5-19-88 1616 LST) In this case we see
strong winds through 800 m. The mean potential temperature
gradient below, within, and above the inversion was
determined by linear regression and those values are also
reported in the table. Winds were averaged at several
layers through and above the boundary layer and are also
supplied in the table.
Day 1. The only evidence of pre-frontal conditions is
southerly winds above the boundary layer on 5-16 and 5-17,
and abnormally high boundary layer depths. The strongest
post-frontal northwesterly winds are seen in the 0,12Z
ascents of 5-18. Directions were close to due north through
most of the morning, and boundary layer depths had dropped
to about 200-300 m. Directions backed to the northwest by
the afternoon, which is consistent with the tower
observations. The temperature gradients reflect the typical
characteristics seen in most of the ascents, namely, a)
small positive gradient below the inversion b) a stronger
gradient above the inversion, typically twice the value
within the inversion, and c) a much stronger gradient within
the inversion. Of course, when a surface inversion is
present, these characteristics do not apply.
Day 2. Both morning ascents showed low inversions, but the
earlier BLDG1764 launch measured strong northwesterly winds
below northeasterly winds, while the later launch (near
Ocean Park) saw lighter easterly winds through the entire
boundary layer. The later launch was more characteristic of
the base tower observations which were easterly at that
time. Midday ascents are missing. The afternoon inversion
depths are most likely artificially low due to an inversion
associated with a shallow fog layer in the lower part of the
marine boundary layer. The measured winds show fairly
moderate flow from 3 00 deg at heights well above the
estimated boundary layer depth listed in the table.
Day 3. Both morning ascents registered easterly winds.
Midday ascents were again unsuccessful. The afternoon sonde
shows moderate speed southwesterly winds above 100 m, but
west-northwesterly below. The southwesterly winds observed
by the trailer were evidently quite real.
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Day 4. Inversion bases are consistently 300-350 m all day,
with tops being much more variable. Winds below the
inversion are predictably northwesterly while winds above
the inversion are consistently northeasterly, except at 1838
when they were north-northwesterly.
Day 5. Boundary layer depths were similar to day 4. Winds
below the inversion were again northwesterly (except at 817
LST) , but light northeasterly winds above the inversion
developed into strong northwesterly winds later in the
afternoon.
Day 6. Inversion bases averaged around 400 m; a bit higher
than on day 4 or 5 . Winds above the boundary layer were
northwesterly during the middle of the day, northeasterly
early and late, but again noticeably strong late in the
day.
Day 7. Strong speeds continued above the inversion. Some
southwesterly flow is observed within the boundary layer,
supporting the tower measurements.
Day 8. A surface-based inversion with substantial easterly
winds gave way to boundary layer westerlies. Light east
winds persisted above. Inversion layer heights were
generally higher during all the October days (8-11)
.
Day 9. Confusingly, the 921 LST ascent shows northeasterly
winds while other ascents show northwesterly flow in the
boundary layer underneath northeasterly flow above the
inversion.
Day 10. Winds above the boundary layer increased from the
southeast during the day.
Day 11. Southeasterly flow above the boundary layer





time(LST) lat(min, add 45 deg)








































[ spd (m/s) dir(deg) # in ave ]
• inv top
2000m
1: 50m-inv base [dK/dz
2: inv base-inv top






1 6.2 308 1
2 5.7 307 2
3 3.9 297 3
4 3.9 177 6
5 3.8 181 5





34.60 BLDG900 435 39.90
1351.0 1473.0
1 8.2 313 1
2 10.8 316 2
3 12.7 317 3
4 9.7 325 6
5 7.2 352 3








2 . 1 337 1
3 . 6 346 2































































































































1 14.2 347 2
2 11.6 347 5
3 15.1 10 6
4 15.8 11 20
5 14.4 348 3



































1 15.9 318 1
2 15.9 319 2
3 13.9 328 3
4 11.3 350 6
5 15.4 322 2




34.60 BLDG900 1616 39.90
70.9 192.8
1 5.7 304 1
2 5.9 305 2
3 5.1 305 3
4 5.7 306 6
5 5.8 305 3








2 9.0 345 2
3 16.3 343 2
4 19.8 342 7
5 20.6 343 3




37.00 NPS3 1849 37.00
0.0 278.0
1 2.7 352 1
2 2.7 352 1
3 4.2 346 3
4 4.4 304 6
5 3.3 351 5






1617 39.90 34.60 BLDG900
296.0 860.0
1 5.7 301 1
2 -99.0 -99
3 3.4 300 3
4 2.7 299 4
5 2.7 306 7




817 42.00 37.00 NPS11
382.0 834.0
1 1.7 12 1
2 1.7 12 1
3 1.4 8 3
4 1.8 26 4
5 1.9 25 6




1838 40.00 24.00 NPS10
295.0 461.0
1 5.0 287 1
2 5.0 287 1
3 3.0 297 3
4 3.4 301 6
5 2.1 300 3








3 1.8 302 2
4 1.8 21 5
5 1.4 6 4








3 3.1 338 4
4 7.5 357 6
5 2.6 334 2




1617 39.90 34.60 BLDG900
278.0 769.0
1 -99.0 -99
2 5.7 291 1
3 2.7 250 4
4 4.5 300 3
5 3.3 281 6









3 1.4 318 3
4 2.4 36 4
5 2.0 26 7




1910 39.00 35.00 NPS12
201.0 312.0
1 1.6 291 1
2 1.0 322 1
3 1.8 25 4
4 9.9 334 7
5 1.5 39 3









34.30 BLDG1764 415 45.20
358.0 686.0
34.30 BLDG1764
1 2.6 41 1 1 -99.0 -99
2 3.6 74 1 2 -99.0 -99
3 3.7 76 4 3 4.2 344 5
4 3.3 78 6 4 4.8 32 5
5 2.0 46 4 5 4.6 23 5
6 1.7 65 30 6 4.5 41 5
1 -99. 000000000 1 0.014670197
2 0. 107472859 2 0.112909354
3 0. 002737669 3 0.012839460
843 42.00 37,.00 NPS7 844 42.00 37.00 NPS8
143 . 287. 365.0 618.
1 1.4 63 1 1 -99.0 -99
2 1.9 90 1 2 -99.0 -99
3 1.8 150 6 3 -99.0 -99
4 1.8 148 9 4 -99.0 -99
5 1.9 116 4 5 -99.0 -99
6 0.6 121 39 6 -99.0 -99
1 0. 020232532 1 0.005178778
2 0. 076009475 2 0.032726314
3 0. 002460221 3 0.021180848
1619 39.90 34.,60 BLDG900 1115 45.20 34.30 BLDG1764
70.9 253. 8 292.0 1011.
1 4.1 290 1 1 -99.0 -99
2 4.1 242 2 2 3.6 318 1
3 2.7 241 3 3 0.7 301 4
4 2.0 241 6 4 0.9 125 2
5 3.6 254 4 5 1.1 50 7
6 3.0 205 28 6 4.9 27 4
1 -99. 000000000 1 0.009303593
2 0. 063837446 2 0.028639866
3 0. 003349708 3 0.023484273
5-21-88 no ascents 1438 47.00 36.00 NPS9
315.0 408.
5-22-88 1 5.5 308 1
2 5.5 308 1
417 45.20 34,.30 BLDG1764 3 3.7 300 3
82.9 204. 8 4 1.9 264 10
1 4.6 349 1 5 2.8 292 3
2 3.6 354 1 6 2.5 31 38
3 6.3 1 4 1 0.003475922
4 8.6 355 6 2 0.061543476
5 4.4 355 3 3 0.009059073





1617 39.90 34.60 BLDG900
296.0 860.0
1 5.7 301 1
2 -99.0 -99
3 3.4 300 3
4 2.7 299 4
5 2.7 306 7




817 42.00 37.00 NPS11
382.0 834.0
1 1.7 12 1
2 1.7 12 1
3 1.4 8 3
4 1.8 26 4
5 1.9 25 6




1838 40.00 24.00 NPS10
295.0 461.0
1 5.0 287 1
2 5.0 287 1
3 3.0 297 3
4 3.4 301 6
5 2.1 300 3








3 1.8 302 2
4 1.8 21 5
5 1.4 6 4








3 3.1 338 4
4 7.5 357 6
5 2.6 334 2




1617 39.90 34.60 BLDG90I
278.0 769.0
1 -99.0 -99
2 5.7 291 1
3 2.7 250 4
4 4.5 300 3
5 3.3 281 6









3 1.4 318 3
4 2.4 36 4
5 2.0 26 7




1910 39.00 35.00 NPS12
201.0 312.0
1 1.6 291 1
2 1.0 322 1
3 1.8 25 4
4 9.9 334 7
5 1.5 39 3









3 3.4 358 3
4 8.7 350
5 3.6 360 2




1345 41.00 25.00 NPS14
374.0 656.0
1 -99.0 -99
2 4.9 277 2
3 1.9 303 3
4 2.3 326 4










3 1.5 332 1
4 4.8 12 7
5 3.1 1 2




1853 47.00 35.00 NPS15
300.0 556.0
1 5.5 337 1
2 5.5 337 1
3 5.1 335 3
4 9.5 325 6
5 7.7 326 5









3 3.1 329 2
4 3.8 353 5
5 3.7 349 5




814 42.00 37.00 NPS16
365.0 653.0
1 -99.0 -99
2 0.9 255 2
3 1.7 278 2
4 6.0 348 6
5 4.7 338 5




828 42.00 37.00 NPS13
466.0 776.0
1 1.5 287 1
2 1.5 287 1
3 1.2 328 3
4 2.5 343 6
5 2.5 343 6




1300 42.00 37.00 NPS17
293.0 483.0
1 4.3 234 1
2 1.9 252 1
3 1.7 9 3
4 16.4 39 7
5 7.1 33 4







458 45.20 34.30 BLDG1764
9.0 1437.0
1 5.1 47 1
2 6.3 33 3
3 7.2 29 1
4 6.9 16 2
5 5.9 25 10




1634 45.20 34.30 BLDG1764
97.0 667.0
1 4.1 270 1
2 0.5 238 1
3 0.0 90 1
4 1.1 74 5
5 0.2 349 7




1615 39.90 34.60 BLDG900
156.0 575.0
1 -99.0 -99
2 5.1 291 3
3 6.3 311 3
4 6.3 312 3
5 5.6 306 7










3 5.7 342 1
4 4.9 359 8
5 5.0 6




415 45.20 34.30 BLDG1764
114.0 964.0
1 -99.0 -99
2 3.6 110 1
3 -99.0 -99
4 3.3 63 3
5 3.1 75 4




921 70.00 60.00 NPS19
606.0 735.0
1 2.7 13 1
2 4.8 17 2
3 6.7 19 3
4 3.7 13 6
5 2.4 5 2




1352 75.00 42.00 NPS18
648.0 709.0
1 -99.0 -99
2 4.8 337 2
3 6.1 13 4
4 4.6 37 6
5 2.6 60 1




1448 73.00 43.00 NPS20
620.0 754.0
1 -99.0 -99
2 3.3 342 2
3 4.5 349 3
4 4.6 343 8
5 4.0 322 2





1615 39.90 34.60 BLDG900
436.0 732.0
1 5.1 318 1
2 -99.0 -99
3 4.1 325 1
4 7.0 344 5
5 7.0 344 5




1721 73.00 43.00 NPS21
829.0 876.0
1 -99.0 -99
2 2.2 290 2
3 6.2 318 3
4 12.6 341 8
5 9.4 328 1





854 67.00 60.00 NPS22
609.0 722.011.1 11
2 1.7 27 2
3 2.3 45 3
4 1.0 90 7
5 0.8 110 2




1432 62.00 60.00 NPS23
489.0 652.0
1 2.0 315 1
2 0.6 252 3
3 2.1 173 3
4 2.6 37 8
5 3.2 34 4








3 1.1 206 2
4 2.9 123 5
5 6.7 136 5









3 1.0 90 1
4 2.3 120 6
5 2.4 131 8




834 67.00 60.00 NPS24
686.0 769.0
1 1.2 249 1
2 1.6 233 2
3 2.2 216 3
4 3.1 86 6
5 5.4 68 1




1410 67.00 60.00 NPS25
720.0 835.0
1 -99.0 -9S
2 2.6 315 2
3 3.2 333 3
4 2.7 345 6
5 1.0 342 2








3 2.0 335 2
4 1.6 358 5
5 1.9 2 6





APPENDIX D. TRANSECT SUMMARY
The following tables are a condensation of the mobile
laboratory data. The first table lists the locations
sampled, coordinates, and location codes which are referred




































































































#5 Old 1/site 5
#4 Old 1/below ridge
#3 Old 1/Oil fields
#2 Old 1/Rucker
#13 Old 1/just below ridge
#14 Old 1/just below ridge
#1 Old 1/hill base















#20 246 past golf course
Campbell Rd West
Campbell Rd East
#27 Jalama W of Cabrillo
#28 Miguelito
#29 Miguelito upcanyon







































































































































Bend in 24 6
Chestnut/Pine
OS62/Hilda (SLC5)
#8 San Antonio Rd/Canyon
La Purisma Flower Field
A St & Laurel
La Purisma Golf Course
Hapgoode & 24 6













Fire Station/El Rancho 4
golf course/Hapgoode/246
Map edge/2 4 6
Between Bailey & Leege/246
#10 Drum Canyon (Mail)
#11 Drum Canyon
#12
San Antonio/Old Rte 1
#13 near Top of Route 1
#14 back of ridge Old Rte 1
Central/V
Jalama/Cabrillo (Rte 1)
Cabrillo/San Julian (Rte 1)
Tank Farm/Surf
Honda Cyn l/2mile inland
313
97 260 34.689 120.294 Mail Rd #8
98 290 34.705 120.293 Mail Rd #9
The next table lists average values for each visit to a
particular location. TIME is in Pacific Daylight. DT is
the length of the visit (minutes) . TP is the time period
where 1 is before the "first transition" (before the sea
breeze front has passed over all base towers) , 2 is the
semi-stationary sea breeze period, and 3 is after the
"second transition" (after rapid veering occurs near dusk)
.
Ubar is the surface wind speed (m/s) at 3.8 m for May or 4 .
9
m for July/October. Tbar is air temperature at 3.4 m. BL1
is "boundary layer #1" and BL2 is "boundary layer #2" (m)
.
See VBLS Final Report - Results for further explanations.
5-18-88
LC TIME TP DT Ubar Tbar BL1 BL2
1 904 70 2 5.0 285.7 306.5 356.3
5 924 10 2 4.7 286.8 -99.0 389.8
6 954 30 2 3.4 287.8 271.1 352.5
17 1024 30 2 3.8 288.8 274.5 376.3
20 1054 30 2 4.9 288.6 147.3 407.3
44 1114 20 2 9.8 286.2 244.0 -99.0
45 1340 50 2 7.6 285.9 223.4 547.2
44 1410 20 2 6.0 287.0 334.2 -99.0
20 1500 40 2 5.5 288.8 114.6 371.4
46 1540 30 2 4.2 288.0 322.1 787.9
47 1610 20 2 -99.0 -99.0 67.8 324.7
48 1700 20 2 2.3 -99.0 127.2 -99.0
49 1730 20 2 -99.0 -99.0 191.6 515.3
5-19-88
LC TIME TP DT Ubar Tbar BL1 BL2
18 949 15 1 1.2 287.4 107.2 202.4
51 1008 10 1 2.9 290.6 193.6 302.3
24 1040 20 1 3.2 294.0 271.4 804.1
27 1055 5 1 1.6 -99.0 141.6 835.4
27 1100 5 2 1.4 -99.0 127.3 791.1
52 1130 10 2 -99.0 -99.0 182.0 730.3
53 1240 45 2 -99.0 -99.0 111.3 728.7
26 1451 10 2 5.7 296.4 259.2 327.2
24 1501 5 2 5.4 296.8 245.7 -99.0
21 1511 5 2 2.1 296.0 272.8 320.4
18 1526 10 2 2.2 -99.0 225.6 280.0
54 1550 10 2 2.6 294.5 193.1 -99.0
44 1605 5 2 3.6 296.9 183.0 -99.0
46 1620 10 2 1.9 290.5 240.6 -99.0
47 1635 10 2 1.3 289.1 176.2 -99.0
314
55 1700 5 2 4.5 295.6 162.7 -99.0
56 1720 15 2 6.3 297.9 154.2 266.4
57 1745 10 2 7.2 299.7 110.0 293.6
96 1855 30 2 -99.0 -99.0 324.9 412.6
5-20-88
LC TIME TP DT Ubar Tbar BL1 BL2
18 915 30 1 -99.0 -99.0 69.2 315.4
47 1000 5 2 1.4 287.8 262.5 -99.0
58 1010 5 2 1.3 288.1 287.5 -99.0
46 1020 5 2 1.4 289.0 212.5 -99.0
54 1030 5 2 2.6 290.2 262.5 -99.0
59 1040 5 2 1.9 291.3 162.5 -99.0
21 1055 10 2 3.9 289.1 395.4 -99.0
60 1105 10 2 3.8 291.7 174.5 293.4
61 1115 10 2 5.6 289.6 228.9 320.6
24 1125 10 2 5.8 289.5 238.2 -99.0
26 1135 10 2 -99.0 -99.0 223.8 -99.0
62 1230 5 2 2.2 -99.0 239.2 327.6
18 1320 35 2 2.3 289.5 73.1 300.4
47 1350 10 2 -99.0 -99.0 69.2 300.2
63 1430 25 2 -99.0 -99.0 240.8 228.7
54 1610 5 2 4.1 292.6 151.5 212.6
59 1620 5 2 2.9 292.9 163.8 233.1
21 1630 5 2 3.2 -99.0 261.7 -99.0
24 1640 5 2 -99.0 -99.0 225.0 245.4
7-26-88
LC TIME TP DT Ubar Tbar BL1 BL2
18 1005 90 1 2.2 287.3 91.5 478.9
21 1035 10 1 3.2 289.3 218.1 469.5
23 1055 10 1 -99.0 -99.0 282.0 424.6
66 1120 15 2 -99.0 -99.0 554.4 557.0
67 1145 10 2 -99.0 -99.0 561.7 592.2
68 1205 10 2 -99.0 -99.0 536.6 -99.0
1 1515 55 2 3.2 290.1 412.2 542.3
5 1540 10 2 -99.0 -99.0 429.7 633.4
17 1600 10 2 -99.0 -99.0 485.7 608.0
20 1620 15 2 3.9 291.2 386.8 516.1
54 1645 15 2 3.1 290.2 333.9 476.3
44 1705 10 2 -99.0 -99.0 266.7 353.3
18 1740 10 2 2.9 288.3 210.8 588.0
23 1805 10 2 5.3 290.3 515.0 672.5
67 1840 20 2 -99.0 -99.0 530.6 617.0
69 1900 10 2 -99.0 -99.0 638.5 694 . 6
7-27-88
LC TIME TP DT Ubar Tbar BL1 BL2
18 900 25 1 1.1 287.7 225.8 504.3
51 920 10 1 1.3 287.7 240. 6 504 .4
21 935 10 1 1.0 -99.0 179.7 510. 1
315
70 950 10 1 1.6 288.0 144.4 505.9
23 1005 10 1 1.6 288.1 215.1 479.2
71 1025 15 1 2.1 288.5 169.3 452.1
72 1045 15 1 2.1 288.3 329.1 452.3
65 1055 5 1 -99.0 -99.0 498.0 -99.0
65 1105 10 2 3.0 292.0 501.3 557.3
30 1120 10 2 3.3 289.6 479.5 560.8
73 1145 15 2 -99.0 -99.0 532.7 577.7
68 1205 10 2 -99.0 -99.0 432.5 673.7
33 1245 10 2 3.4 -99.0 541.2 683.6
69 1305 15 2 5.9 -99.0 609.8 575.1
74 1445 10 2 3.6 -99.0 464.4 535.6
75 1510 20 2 3.7 289.5 407.8 509.4
76 1525 10 2 3.5 289.9 393.4 525.7
77 1545 15 2 -99.0 323.2 426.3 571.8
5 1600 10 2 3.0 292.6 433.2 565.9
6 1625 15 2 3.9 290.5 429.9 569.4
17 1640 10 2 4.2 289.5 520.3 643.8
78 1705 20 2 4.1 291.4 403.5 574.2
20 1730 20 2 3.9 289.7 373.8 509.6
54 1750 15 2 2.7 288.7 201.2 386.4
44 1810 10 3 3.0 288.3 243.7 453.7
45 1835 15 3 2.7 287.3 380.1 406.4
54 1915 25 3 1.9 287.7 176.3 415.0
7-28-88
LC TIME TP DT Ubar Tbar BL1 BL2
18 1030 55 1 1.6 287.6 120.5 549.8
24 1055 15 1 1.5 287.8 289.8 548.1
26 1110 10 2 -99.0 -99.0 307.1 552.1
27 1200 45 2 2.0 289.4 405.4 545.2
28 1230 20 2 -99.0 -99.0 506.4 684.8
30 1255 20 2 -99.0 -99.0 432.7 633.2
21 1530 45 2 5.3 287.5 556.3 644.2
20 1545 10 2 3.4 290.9 347.2 525.0
18 1605 15 2 -99.0 -99.0 103.8 550.4
79 1715 10 2 2.4 290.5 429.0 546.0
3 1740 10 2 3.2 289.6 241.0 393.6
80 1755 10 2 3.3 289.4 271.3 444.2
81 1825 15 3 -99.0 -99.0 154.8 474.9
82 1855 20 3 -99.0 -99.0 162.4 389.2
7-29-88
LC TIME TP DT Ubar Tbar BL1 BL2
18 825 30 1 1.9 286.9 239.7 537.0
21 845 10 1 1.5 287.3 139.1 533.7
23 900 10 1 -99.0 -99.0 154.4 494.4
28 925 15 1 -99.0 -99.0 270.2 525.8
67 945 10 1 -99.0 -99.0 274.2 495.3
83 1000 10 1 -99.0 -99.0 368.6 501.5
68 1015 10 1 1.5 290.0 388.4 439.3
32 1035 15 1 1.8 288.2 490.1 585.8
316
33 1050 10 1 2.2 289.3 393.9 652.6
84 1120 10 2 2.8 294.8 296.7 627. 1
25 1205 15 2 2.9 292.5 433.0 595.8
21 1225 10 2 4.2 289.6 424.5 607.6
18 1305 30 2 3.8 290.1 134.3 569.1
46 1335 10 2 -99.0 -99.0 297.4 480.5
47 1400 10 2 7.1 287.9 424.8 536.6
48 1415 10 3 4.2 288.5 565.7 629.2
49 1430 10 3 2.6 288.3 317.5 466.2
56 1505 20 3 -99.0 -99.0 300.1 502.8
10-18-88
LC TIME TP DT Ubar Tbar BL1 BL2
18 1050 35 2 2.7 287.9 98.4 339.7
21 1115 15 2 4.7 289.4 314.3 375.2
23 1135 10 2 4.7 289.5 228.5 397. 1
72 1150 10 2 5.1 292.7 -99.0 -99.0
12 1225 10 2 2.5 295.6 264.0 287.7
11 1250 20 2 3.6 291.2 162.3 226.3
10 1330 15 2 1.7 289.6 269.8 499.2
9 1405 35 2 5.1 293.7 260.6 401.2
7 1435 10 2 3.8 293.8 381.0 437.0
8 1450 10 2 2.4 290.4 274.4 366.2
64 1515 15 2 2.5 290.8 330.4 478.1
1 1545 15 2 1.9 292.0 281.0 352.3
5 1605 10 2 2.5 292.1 386.0 405.5
6 1620 10 2 1.4 292.2 206.2 243.5
17 1640 10 2 3.4 291.4 356.3 417.5
21 1655 10 2 4.2 290.8 131.5 273.7
24 1710 10 2 5.5 290.8 289.6 -99.0
25 1730 15 2 5.5 290.7 244.9 296.4
10- 19-88
LC TIME TP DT Ubar Tbar BL1 BL2
18 930 50 1 1.1 -99.0 72.4 509.3
85 955 5 1 -99.0 -99.0 -99.0 -99.0
85 1000 5 2 -99.0 -99.0 172.6 376.2
67 1025 10 2 1.6 287.7 241.2 333.6
69 1050 10 2 2.6 288.0 416.5 692.5
97 1115 10 2 1.1 287.4 96.1 -99.0
98 1140 15 2 -99.0 -99.0 222.5 527.2
86 1200 15 2 1.5 289.1 425.3 614.8
87 1220 10 2 -99.0 -99.0 160.7 567.6
88 1255 20 2 -99.0 -99.0 257.0 646.1
89 1327 10 2 3.2 289.6 621.1 826.9
90 1347 10 2 -99.0 -99.0 238.6 494.8
91 1410 15 2 1.1 288.6 407. 5 706.9
12 1450 30 2 2.5 291.3 317.6 598.3
92 1525 20 2 3.2 288.4 100.3 233.4
16 1550 15 2 3.5 289. 3 306.5 470.4
30 1725 80 2 3.5 287.8 216.0 447.0
317
10--20-88
LC TIME TP DT Ubar Tbar BL1 BL2
18 910 25 1 1.4 286.4 77.7 739.7
21 930 10 1 -99.0 -99.0 67.7 -99.0
24 1000 20 1 -99.0 -99.0 117.9 245.7
27 1025 20 1 -99.0 -99.0 98.8 135.3
93 1055 15 1 -99.0 -99.0 87.5 158.6
93 1155 25 2 1.7 287.5 127.6 165.6
94 1220 10 2 2.2 287.8 262.2 319.9
37 1235 10 2 2.0 288.9 258.4 349.8
29 1305 20 2 -99.0 -99.0 261.1 606.0
1 1445 20 2 1.9 287.5 144.7 417.2
5 1505 10 2 -99.0 -99.0 132.0 274.7
17 1525 10 2 2.5 287.6 161.7 232.6
20 1545 10 2 2.3 287.8 126.8 269.4
54 1600 10 2 1.7 287.1 113.0 431.7
44 1615 10 2 1.5 285.9 141.8 319.7
95 1645 15 2 2.5 287.2 97.7 651.9
47 1700 5 2 1.8 286.8 70.8 549.8
47 1705 5 3 -99.0 -99.0 76.0 -99.0
48 1720 10 3 -99.0 -99.0 106.7 324.9
49 1735 10 3 1.4 286.7 75.0 641.7
46 1800 10 3 -99.0 -99.0 59.8 307.9
10-21-88
LC TIME TP DT Ubar Tbar BL1 BL2
18 840 35 1 1.1 287.2 86.8 553.7
21 855 10 1 -99.0 -99.0 60.6 259.3
24 920 10 1 -99.0 -99.0 132.0 448.0
27 940 10 1 -99.0 -99.0 126.9 300.0
93 1010 10 1 -99.0 -99.0 80.7 628.6
39 1035 15 1 -99.0 -99.0 137.3 425.3
40 1055 10 1 -99.0 -99.0 60.6 601.8
40 1100 5 2 -99.0 -99.0 103.3 601.8
41 1130 20 2 1.8 287.5 108.3 179.7
43 1220 45 2 2.4 289.1 103.1 184.5
41 1245 15 2 3.4 289.0 289.7 431.8
42 1305 10 2 2.8 -99.0 217.0 579.8
38 1325 10 2 -99.0 -99.0 339.1 553.3
34 1420 15 2 2.7 292.6 394.4 634.6
35 1510 15 2 1.8 288.7 169.1 498.6
36 1535 10 2 -99.0 -99.0 239.2 367.7
25 1605 15 2 5.4 288.2 266.3 504.1
20 1625 15 2 3.3 288.7 216.7 514.9
The following table lists some surface layer variables
which correspond with the records in the last table. Again,
these are averages for the visit to each location. Ustar is
the surface friction velocity (m/s) . Znot is the surface
roughness length (m) . H is heat flux (deg C * m/s) . Tstar
318
is the surface layer temperature scale (deg C) . L is the
Monin-Obukhov length (m) . L = 100 is missing data.
5-18 -88
LC ustar znot H Tstar L
1 0.661 0.1673 0.128 -0.194 -163.9
5 0.245 0.0007 0.214 -0.871 -5.1
6 0.258 0.0085 0.156 -0.603 -8.1
17 0.477 0.1255 0.144 -0.302 -55.4
20 0.384 0.0170 0.130 -0.340 -31.9
44 0.616 0.0057 0.181 -0.293 -94.6
45 0.624 0.0214 0.433 -0.694 -41.0
44 0.724 0.1134 0.384 -0.530 -72.4
20 0.623 0.0980 0.167 -0.268 -106.9
46 0.625 0.2098 0.233 -0.373 -76.8
47 -99.000 -99.0000 0.016 -99.000 100.0
48 -99.000 -99.0000 0.142 -99.000 100.0
49 -99.000 -99.0000 0.121 -99.000 100.0
5-19 -88
LC ustar znot H Tstar L
18 0.137 0.0280 0.071 -0.515 -2.7
51 0.279 0.0301 0.150 -0.538 -10.7
24 0.301 0.0313 0.159 -0.528 -12.9
27 -99.000 -99.0000 0.079 -99.000 100.0
27 -99.000 -99.0000 0.101 -99.000 100.0
52 -99.000 -99.0000 0.099 -99.000 100.0
53 -99.000 -99.0000 0.058 -99.000 100.0
26 0.347 0.0026 0.369 -1.065 -8.6
24 0.308 0.0017 0.253 -0.820 -8.8
21 0.241 0.0580 0.100 -0.415 -10.6
18 -99.000 -99.0000 0.294 -99.000 100.0
54 0.379 0.1759 0.147 -0.389 -27.7
44 0.245 0.0052 0.122 -0.500 -9.1
46 0.323 0.2523 0.090 -0.278 -27.8
47 0.078 0.0002 0.183 -2.339 -0.2
55 0.828 0.3866 0.202 -0.244 -211.5
56 0.797 0.1452 0.167 -0.209 -231.0
57 0.605 -99.0000 -99.000 -99.000 100.0
96 -99.000 -99.0000 0.220 -99.000 100.0
5-20-88
LC ustar znot H Tstar L
18 -99.000 -99.0000 0.186 -99.000 100.0
47 0.229 0.1366 0.147 -0.643 -6.0
58 0.219 0. 0992 0.231 -1.057 -3. 3
46 0.211 0.0824 0. 182 -0.862 -3.8
54 0.374 0. 1574 0. 178 -0.476 -21.7
59 0.287 0.1254 0. 190 -0.660 -9.3
21 0.291 0. 0102 0.131 -0.452 -13.8
60 0.131 0.0000 0. 106 -0.813 -1.6
319
61 0.317 0.0020 0.110 -0.346 -21.5
24 0.431 0.0130 0.127 -0.294 -46.7
26 -99.000 -99.0000 0.136 -99.000 100.0
62 -99.000 -99.0000 0.137 -99.000 100.0
18 0.218 0.0197 0.197 -0.901 -3.9
47 -99.000 -99.0000 -99.000 -99.000 100.0
63 -99.000 -99.0000 0.501 -99.000 100.0
54 0.326 0.0126 0.269 -0.825 -9.6
59 0.215 0.0055 0.212 -0.989 -3.5
21 -99.000 -99.0000 0.118 -99.000 100.0
24 -99.000 -99.0000 0.109 -99.000 100.0
7-26-88
LC ustar znot H Tstar L
18 0.991 1.9708 0.041 -0.042 -1725.1
21 0.183 0.0015 0.101 -0.551 -4.5
23 -99.000 -99.0000 -99.000 -99.000 100.0
66 -99.000 -99.0000 0.234 -99.000 100.0
67 -99.000 -99.0000 0.226 -99.000 100.0
68 -99.000 -99.0000 0.389 -99.000 100.0
1 0.532 0.3207 0.313 -0.588 -35.7
5 -99.000 -99.0000 0.359 -99.000 100.0
17 -99.000 -99.0000 0.310 -99.000 100.0
20 0.377 -99.0000 -99.000 -99.000 100.0
54 0.301 -99.0000 -99.000 -99.000 100.0
44 -99.000 -99.0000 -99.000 -99.000 100.0
18 0.391 0.2478 0.010 -0.025 -457.6
23 0.373 -99.0000 -99.000 -99.000 100.0
67 -99.000 -99.0000 0.201 -99.000 100.0
69 -99.000 -99.0000 0.154 -99.000 100.0
7-27 -88
LC ustar znot H Tstar L
18 0.168 -99.0000 -99.000 -99.000 100.0
51 0.275 -99.0000 -99.000 -99.000 100.0
21 -99.000 -99.0000 -99.000 -99.000 100.0
70 0.148 0.0284 0.025 -0.167 -9.6
23 0.201 0.1146 0.037 -0.183 -16.3
71 0.146 -99.0000 -99.000 -99.000 100.0
72 0.104 -99.0000 -99.000 -99.000 100.0
65 -99.000 -99.0000 -99.000 -99.000 100.0
65 0.294 0.0345 0.234 -0.795 -8.1
30 0.227 0.0034 0.339 -1.490 -2.6
73 -99.000 -99.0000 0.307 -99.000 100.0
68 -99.000 -99.0000 0.210 -99.000 100.0
33 0.306 0.0237 0.281 -0.919 -7.4
69 0.581 0.0567 0.518 -0.891 -27.8
74 0.331 0.0258 0.367 -1.109 -7.2
75 0.293 0.0101 0.398 -1.361 -4.7
76 0.340 0.0360 0.328 -0.964 -8.9
77 -99.000 -99.0000 0.390 -0.981 -13.3
5 0.298 0.0430 0.178 -0.598 -11.1
320
6 0.372 0.0401 0.281 -0.756 -13.6
17 0.413 0.0496 0.247 -0.598 -21.0
78 0.268 0.0046 0.147 -0.548 -9.8
20 0.339 0.0319 0.099 -0.293 -29.0
54 0.304 0.0927 0.064 -0.210 -32.5
44 0.173 0.0019 0.050 -0.289 -7.6
45 0.035 0.0000 0.072 -2.048 -0.0
54 0.266 0.1963 0.033 -0.123 -42.3
7-28-88
LC ustar znot H Tstar L
18 0.174 0.0688 0.023 -0.133 -16.6
24 0.189 0.0896 0.067 -0.358 -7.3
26 -99.000 -99.0000 -99.000 -99.000 100.0
27 0.330 0.1989 0.240 -0.727 -11.1
28 -99.000 -99.0000 0.194 -99.000 100.0
30 -99.000 -99.0000 0.167 -99.000 100.0
21 0.156 0.0000 0.204 -1.306 -1.4
20 0.365 0.0778 0.140 -0.384 -25.7
18 -99.000 -99.0000 -99.000 -99.000 100.0
79 0.300 0.0883 0.201 -0.670 -9.9
3 0.344 0.0866 0.082 -0.239 -36.7
80 0.280 0.0307 0.045 -0.161 -36.1
81 -99.000 -99.0000 -99.000 -99.000 100.0
82 -99.000 -99.0000 -99.000 -99.000 100.0
7-29-88
LC ustar znot H Tstar L
18 0.168 -99.0000 -0.008 -99.000 100.0
21 0.306 0.6085 0.022 -0.072 -94.4
23 0.118 -99.0000 -99.000 -99.000 100.0
28 -99.000 -99.0000 -99.000 -99.000 100.0
67 0.098 -99.0000 -99.000 -99.000 100.0
83 0.536 -99.0000 -99.000 -99.000 100.0
68 0.224 0.1154 0.142 -0.632 -5.9
32 0.289 0.1508 0.276 -0.956 -6.4
33 0.402 0.2922 0.343 -0.853 -14.0
84 0.387 0.1767 0.173 -0.448 -25.1
25 0.247 0.0173 0.192 -0.777 -5.9
21 0.409 0.0427 0.333 -0.815 -15.1
18 0.380 0.0546 0.161 -0.424 -25.2
46 -99.000 -99.0000 1.390 -99.000 100.0
47 0.367 0.0016 0.061 -0.167 -59.3
48 0.482 0.0986 0.262 -0.544 -31.5
49 0.401 0.2213 0.236 -0.589 -20. 1
56 -99.000 -99.0000 -99.000 -99.000 100.0
10- 18-88
LC ustar znot H Tstar L
18 0.300 0.0772 0.104 -0.346 -19.2
21 0. 362 0.0160 0. 169 -0.467 -20.7
321
23 0.343 0.0117 0.155 -0.451 -19.3
72 0.317 0.0043 0.153 -0.484 -15.5
12 0.473 0.4413 0.194 -0.410 -41.2
11 0.399 0.0904 0.172 -0.432 -27.3
10 0.477 0.7604 0.285 -0.597 -28.2
9 0.240 0.0004 0.163 -0.678 -6.4
7 0.555 0.2433 0.201 -0.362 -63.6
8 0.327 0.1573 0.123 -0.376 -21.1
64 0.354 0.1494 0.233 -0.657 -14.1
1 0.234 0.0654 0.173 -0.741 -5.5
5 0.277 0.0681 0.117 -0.423 -13.5
6 0.340 0.5536 0.147 -0.432 -20.0
17 0.378 0.0868 0.127 -0.336 -31.6
21 0.287 0.0092 0.062 -0.216 -28.3
24 0.346 0.0059 0.087 -0.252 -35.4
25 0.275 0.0010 0.053 -0.193 -29.2
10-•19-88
LC ustar znot H Tstar L
18 0.133 -99.0000 -99.000 -99.000 100.0
85 0.089 -99.0000 -99.000 -99.000 100.0
85 -99.000 -99.0000 -99.000 -99.000 100.0
67 0.068 0.0000 0.030 -0.436 -0.8
69 0.277 0.0711 0.065 -0.236 -23.8
97 0.044 0.0000 0.037 -0.856 -0.2
98 -99.000 -99.0000 -99.000 -99.000 100.0
86 0.246 0.1542 0.171 -0.693 -6.4
87 -99.000 -99.0000 0.017 -99.000 100.0
88 -99.000 -99.0000 0.080 -99.000 100.0
89 0.298 0.0409 0.078 -0.261 -25.2
90 0.342 -99.0000 -99.000 -99.000 100.0
91 0.475 1.1859 0.323 -0.681 -24.3
12 0.440 0.3846 0.140 -0.318 -45.3
92 0.309 0.0500 0.077 -0.249 -28.1
16 0.376 0.0811 0.129 -0.343 -30.5
30 0.354 0.0648 0.091 -0.257 -35.9
10- 20-88
LC ustar znot H Tstar L
18 0.137 0.0407 0.012 -0.089 -15.5
21 -99.000 -99.0000 -99.000 -99.000 100.0
24 0.104 -99.0000 -99.000 -99.000 100.0
27 0.109 -99.0000 -99.000 -99.000 100.0
93 0.073 -99.0000 -99.000 -99.000 100.0
93 0.217 0.1078 0.068 -0.313 -11.1
94 0.280 0.1068 0.112 -0.399 -14.4
37 0.202 0.0468 0.042 -0.210 -14.3
29 -99.000 -99.0000 -99.000 -99.000 100.0
1 0.194 0.0430 0.048 -0.250 -11.0
5 -99.000 -99.0000 -99.000 -99.000 100.0
17 0.326 0.1510 0.074 -0.228 -34.3
20 0.322 -99.0000 -0.011 -99.000 100.0
322
54 0.180 0.0634 0.031 -0.171 -14.0
44 0.214 0.1748 0.036 -0.167 -20.1
95 0.207 0.0205 0.041 -0.199 -15.7
47 0.154 0.0246 0.016 -0.103 -16.9
47 -99.000 -99.0000 -99.000 -99.000 100.0
48 0.204 -99.0000 -99.000 -99.000 100.0
49 0.141 0.0482 0.019 -0.133 -11.0
46 -99.000 -99.0000 -99.000 -99.000 100.0
10- 21-88
LC ustar znot H Tstar L
18 0.196 0.3848 0.013 -0.064 -44.2
21 0.093 -99.0000 -99.000 -99.000 100.0
24 -99.000 -99.0000 -99.000 -99.000 100.0
27 0.065 -99.0000 -99.000 -99.000 100.0
93 0.169 -99.0000 -99.000 -99.000 100.0
39 0. 152 -99.0000 -99.000 -99.000 100.0
40 -99.000 -99.0000 -99.000 -99.000 100.0
40 0.016 -99.0000 -99.000 -99.000 100.0
41 0.178 0.0365 0.043 -0.242 -9.6
43 0.414 0.4194 0.044 -0.106 -119.1
41 0.242 0.0087 0.104 -0.431 -10.0
42 -99.000 -99.0000 0.063 -99.000 100.0
38 -99.000 -99.0000 0.231 -99.000 100.0
34 0.338 0.1076 0.169 -0.499 -17.1
35 0.162 0.0187 0.056 -0.344 -5.6
36 -99.000 -99.0000 0.089 -99.000 100.0
25 0.086 0.0000 0.045 -0.525 -1.0
20 0.282 0.0336 0.040 -0.141 -41.4
The final table in this section lists some boundary
layer average measures of the wind. C is the clocking
variable, measuring the degree of rotation, and S is the
speed up variable, measuring the degree of speed shear. See
the VBLS Final Report - Results for more information. SIGV
is the standard deviation of the lateral velocity component.
SIGW is the standard deviation of the vertical velocity
component. SPD is mean wind speed (m/s) and DIR is mean
wind direction. All quantities have been averaged from . lZi
to
.8Zi, or to the maximum altitude observed by the SODAR if
that altitude was less than . 8Zi
5-18--88
LC C S SIGV SIGW SPD(BL) DIR(BL)
1 0.058 -0. 142 0.23 0.56 13.4 320.0
5 0.053 -0.122 0.37 0.50 14.6 344.0
6 0.022 0.072 0.66 0.64 13 .8 334. 3
17 0.002 -0.044 0.81 0.49 13.4 336.7
20 0.023 0.054 0.48 0.58 12.8 302.5
323
44 0.072 0.177 0.53 0.64 13.5 331.3
45 0.020 0.001 0.44 0.49 12.7 325.1
44 -0.012 -0.041 0.47 0.59 14.4 314.7
20 0.177 2.346 0.00 -99.00 -99.0 -99.0
46 0.015 -0.193 0.82 1.03 9.6 317.8
47 -99.000 -99.000 0.00 -99.00 12.5 353.4
48 -99.000 -99.000 0.60 0.43 9.8 17.7
49 -0.052 -0.102 0.87 0.61 9.0 3.4
5-19 -88
LC C S SIGV SIGW SPD(BL) DIR(BL)
18 -99.000 -99.000 0.73 0.20 1.7 291.5
51 -0.054 -0.191 0.98 0.22 4.1 306.2
24 0.067 -0.359 0.87 0.30 3.7 309.7
27 -99.000 -99.000 1.00 0.17 1.4 139.8
27 -99.000 -99.000 1.70 0.24 2.5 280.6
52 0.031 0.235 1.00 0.31 3.6 316.2
53 0.158 0.125 0.44 0.37 5.2 314.2
26 -0.053 0.066 0.43 0.37 8.8 285.2
24 0.012 -0.015 0.36 0.34 8.7 276.1
21 -0.007 0.051 0.30 0.32 8.8 291.6
18 0.022 0.109 0.31 0.23 10.1 330.5
54 0.031 0.036 0.99 0.27 4.0 280.6
44 -0.136 -0.004 0.80 0.24 5.5 316.6
46 0.004 0.088 0.25 0.21 8.3 300.4
47 -0.115 -0.055 1.08 0.39 7.0 0.3
55 -0.052 -0.158 0.20 0.30 19.1 333.5
56 -0.019 -0.087 0.23 0.55 16.8 335.2
57 -99.000 -99.000 0.15 0.29 13.4 299.8
96 0.138 0.261 1.00 0.28 2.9 272.2
5-20 -88
LC C S SIGV SIGW SPD(BL) DIR(BL)
18 -0.209 -0.400 0.39 0.18 3.1 214.9
47 -0.317 0.163 0.62 0.22 2.2 256.9
58 0.091 -0.077 0.75 0.30 3.1 246.3
46 0.188 -0.562 0.47 0.30 4.5 265.1
54 -0.212 -0.491 0.46 0.19 2.3 246.4
59 0.090 0.451 1.20 0.44 4.0 280.5
21 -0.054 -0.146 0.68 0.27 8.1 279.0
60 -0.021 -0.044 0.68 0.42 8.7 290.1
61 -0.056 -0.091 0.59 0.37 9.2 285.1
24 -0.050 -0.212 0.48 0.37 8.7 289.7
26 0.007 -0.173 0.48 0.45 8.5 295.6
62 0.060 -0.115 1.36 0.27 3.3 280.8
18 -0.257 -0.075 0.00 -99.00 -99.0 -99.0
47 -0.018 0.168 0.00 -99.00 -99.0 -99.0
63 -0.108 0.370 0.93 0.30 3.6 159.6
54 -0.129 0.327 0.32 0.20 6.5 245.8
59 -0.188 -1.228 1.32 0.31 5.3 265.6
21 -0.008 -0.347 1.09 0.47 6.4 290.4
24 0.116 -0.334 0.56 0.44 9.0 306.0
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7-26--88
LC C S SIGV SIGW SPD(BL) DIR(BL)
18 0.022 0.480 0.00 -99.00 -99.0 -99.0
21 -0.024 -0.022 0.00 -99.00 -99.0 -99.0
23 -0.033 0.034 0.00 -99.00 -99.0 -99.0
66 -0.045 -0.091 0.51 0.25 5.6 246.2
67 -0.024 -0.415 0.79 0.26 4.5 272.4
68 -0.025 -0.199 0.74 0.28 3.6 263.8
1 0.007 0.014 0.51 0.29 7.1 264.6
5 -0.015 -0.209 1.03 0.32 4.9 301.4
17 0.017 -0.001 1.13 0.37 5.4 320.2
20 0.021 0.049 0.71 0.30 5.6 285.6
54 -0.006 0.054 0.67 0.17 5.4 303.0
44 0.002 -0.332 0.94 0.15 1.9 336.0
18 0.068 -0.342 0.53 0.21 3.9 322.3
23 0.032 -0.067 0.37 0.21 7.8 266.6
67 0.005 0.054 0.64 0.29 5.6 264.8
69 0.001 -0.005 0.68 0.30 6.0 305.6
7-27--88
LC C S SIGV SIGW SPD(BL) DIR(BL)
18 -99.000 -99.000 0.00 -99.00 -99.0 -99.0
51 0.006 0.035 0.00 -99.00 -99.0 -99.0
21 0.172 0.331 0.00 -99.00 -99.0 -99.0
70 0.391 -0.792 0.00 -99.00 -99.0 -99.0
23 0.053 -0.103 0.00 -99.00 -99.0 -99.0
71 0.237 0.009 0.00 -99.00 -99.0 -99.0
72 -0.003 -0.052 0.00 -99.00 -99.0 -99.0
65 0.098 -0.183 0.62 0.22 4.1 224.7
65 0.061 -0.065 0.61 0.17 5.7 257.1
30 -0.004 0.192 0.52 0.19 6.3 249.0
73 -0.009 -0.095 0.77 0.25 3.7 288.4
68 -0.016 0.076 0.71 0.33 4.5 270.0
33 -0.011 0.082 0.70 0.30 4.8 276.7
69 -0.091 -0.081 0.87 0.39 5.5 308.0
74 0.092 0.028 0.64 0.24 5.6 286.5
75 0.012 -0.196 1.03 0.28 5.3 287.5
76 -0.012 -0.120 0.91 0.31 5.3 281.6
77 -0.024 0.020 0.82 0.29 5.1 295.9
5 0.032 0.133 1.24 0.31 4.7 295.7
6 -0.030 -0.045 0.95 0.33 5.5 294.8
17 0.015 0.026 0.55 0.21 7.1 291.4
78 0.035 0.014 0.50 0.27 6.5 277.8
20 0.006 0.055 0.61 0.30 6.2 288.7
54 0.028 -0.008 0.66 0.15 4.3 296. 3
44 0.033 -0.620 0.77 0.13 2.1 318. 1
45 -0.101 0.135 0.84 0.13 1.9 32.9
54 0.052 -0.049 0.91 0.19 3.1 304.6
7-28--88
325
LC C S SIGV SIGW SPD(BL) DIR(BL)
18 -0.027 -0.596 0.00 -99.00 -99.0 -99.0
24 0.073 -0.023 0.00 -99.00 -99.0 -99.0
26 0.147 0.047 0.00 -99.00 -99.0 -99.0
27 0.057 0.009 0.24 0.31 3.1 284.8
28 -0.010 -0.001 0.63 0.29 4.7 285.1
30 0.028 0.039 0.47 0.25 6.5 256.7
21 -0.022 0.034 0.75 0.33 8.0 285.2
20 -0.000 -0.050 0.90 0.31 6.0 300.2
18 -99.000 -99.000 1.15 0.23 2.8 293.8
79 0.165 -0.557 1.04 0.24 3.3 297.4
3 0.013 0.096 0.75 0.26 6.3 312.7
80 -0.002 0.121 0.72 0.23 6.4 310.9
81 0.024 0.123 0.62 0.13 3.7 299.9


























































































































































































































6 -0.110 0.402 0.65 0.41 4.8 267.2
17 0.082 0.276 0.20 0.51 4.3 322.8
21 -99.000 -99.000 0.35 0.75 1.4 193.2
24 -0.068 0.062 0.39 0.33 7.0 280.6
25 -0.046 -0.214 0.72 0.23 6.1 291.0
10-19-88
LC C S SIGV SIGW SPD(BL) DIR(BL)
18 -99.000 -99.000 0.00 -99.00 -99.0 -99.0
85 -99.000 -99.000 0.00 -99.00 -99.0 -99.0
85 -99.000 -99.000 0.00 -99.00 -99.0 -99.0
67 -99.000 -99.000 0.00 -99.00 -99.0 -99.0
69 -99.000 -99.000 0.00 -99.00 -99.0 -99.0
97 -99.000 -99.000 0.00 -99.00 -99.0 -99.0
98 -0.052 0.068 0.00 -99.00 -99.0 -99.0
86 -0.072 -0.039 0.00 -99.00 -99.0 -99.0
87 -99.000 -99.000 1.22 -99.00 -99.0 -99.0
88 -0.049 0.342 1.61 0.28 2.7 255.6
89 0.001 -0.049 0.65 0.63 3.6 201.0
90 -99.000 -99.000 0.47 0.21 2.5 298.3
91 0.004 -0.037 0.97 0.25 3.6 347.4
12 0.040 -0.143 0.69 0.44 4.3 312.1
92 -99.000 -99.000 0.35 0.26 6.3 270.0
16 -99.000 -99.000 0.43 0.22 6.0 273.2
30 -0.008 -0.096 0.76 0.26 4.5 279.1
10-20-88
LC C S SIGV SIGW SPD(BL) DIR(BL)
18 -99.000 -99.000 0.00 -99.00 -99.0 -99.0
21 -99.000 -99.000 0.00 -99.00 -99.0 -99.0
24 -99.000 -99.000 0.00 -99.00 -99.0 -99.0
27 -99.000 -99.000 0.00 -99.00 -99.0 -99.0
93 -99.000 -99.000 0.00 -99.00 -99.0 -99.0
93 0.170 0.463 0.00 -99.00 -99.0 -99.0
94 0.088 0.649 0.00 -99.00 -99.0 -99.0
37 -0.083 0.586 0.00 -99.00 -99.0 -99.0
29 0.009 -0.544 0.00 -99.00 -99.0 -99.0
1 0.189 -0.068 0.00 -99.00 -99.0 -99.0
5 -0.011 0.763 0.00 -99.00 -99.0 -99.0
17 -99.000 -99.000 0.00 -99.00 -99.0 -99.0
20 0.002 0.346 0.00 -99.00 -99.0 -99.0
54 0.095 0.934 0.00 -99.00 -99.0 -99.0
44 -99.000 -99.000 0.00 -99.00 -99.0 -99.0
95 -99.000 -99.000 0.00 -99.00 -99.0 -99.0
47 -99.000 -99.000 0.00 -99.00 -99.0 -99.0
47 -99.000 -99.000 0.00 -99.00 -99.0 -99.0
48 -99.000 -99. 000 0.00 -99.00 -99.0 -99.0
49 -99.000 -99. 000 0.00 -99. 00 -99.0 -99.0
46 -99.000 -99.000 0.00 -99.00 -99.0 -99.0
10-•21-88
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LC C S SIGV SIGW SPD(BL) DIR(B
18 -99.000 -99.000 0.00 -99.00 -99.0 -99.0
21 -99.000 -99.000 0.00 -99.00 -99.0 -99.0
24 -99.000 -99.000 0.00 -99.00 -99.0 -99.0
27 -99.000 -99.000 0.00 -99.00 -99.0 -99.0
93 -99.000 -99.000 0.00 -99.00 -99.0 -99.0
39 -0.101 0.326 0.00 -99.00 -99.0 -99.0
40 -99.000 -99.000 0.00 -99.00 -99.0 -99.0
40 -99.000 -99.000 0.00 -99.00 -99.0 -99.0
41 0.462 0.443 0.00 -99.00 -99.0 -99.0
43 0.284 0.598 0.00 -99.00 -99.0 -99.0
41 0.016 -0.097 0.00 -99.00 -99.0 -99.0
42 -0.025 0.231 0.89 0.39 5.1 273.9
38 -0.008 -0.145 0.90 0.46 4.1 232.3
34 0.031 -0.016 1.10 0.31 3.4 29.5
35 0.418 0.978 1.15 0.16 0.6 356.1
36 0.081 0.572 1.94 0.19 1.6 289.9
25 -0.073 0.136 1.14 0.47 4.4 268.5
20 0.023 -0.052 0.71 0.28 2.6 308.6
APPENDIX E. BASE AVERAGE WINDS
The following table lists the hourly vector averaged
winds measured at the 12 ft level from the following towers
WT004, 005, 007, 008, 009, 014, 015, 017, 018, 019, 050,
051, 052, 054, 057, 058, 059, 060, 101, 102, 200, 300.
Because of anomalous flow at WT014, 053, and 301, these
towers were not included in the average. Speeds are in m/s
Standard deviations of the hourly values across the base is
listed below the means. For all data, the first row is
hours 1 through 12, and the second row is hours 13 through
23.
5-18-88
spd 6.2 6.0 5.5 5.6 6.1 6.3 6.1 6.8 6.3 6.8 7.1
7.2
7.3 7.2 7.8 7.6 7.7 7.8 7.0 5.2 4.0 2.9 1.8
1.5
sig 2.15 1.88 2.07 2.50 2.27 2.59 2.76 3.07 2.77 2.43 2.31
2.09
2.37 1.94 2.21 2.41 2.56 2.65 2.70 2.50 2.53 2.56 2.64
2.81
dir 339 337 339 341 335 334 337 338 338 331 329
326
325 322 323 322 323 326 329 328 330 339 355
1
328







































spd 1.7 2. 1 2. 1
2.7
21.3 18.1 17.7 18.6 17.4 16.5 19.8 19.6
18.5 18.3 19.1 21.1 27.6 35.0 48.1 61.3
2.9 2.4 2.0 0.7 0.5 0.1 1.2 1.8
3.4 3.6 3.1 2.7 2.0 1.6 1.6 2.0
2.83 2.28 2.00 1.48 1.27 0.69 0.57 0.68
0.83 1.48 1.56 1.69 1.68 2.02 1.47 1.28
350 350 338 6 48 328 275 281
309 317 316 316 328 347 1 337
57.5 54.1 51.7 82.8 72.6 85.8 52.0 35.5
17.7 21.2 23.0 29.2 41.1 65.0 44.8 27.9
1.4 1.5 1.0 0.9 1.0 2.9 3.6 4.9
3.2 2.7 2.5 1.8 1.4 1.2 1.8 1.3
0.85 0.87 0.78 0.61 0.52 1.06 1.93 1.09
0.97 0.90 0.70 0.80 0.93 0.98 1.34 1.04
51 9 90 133 149 358 348 312
301 297 303 320 338 3 353 44
39.4 39.1 51.6 61.6 50.9 15.7 26.9 13.5
13.8 20.4 14.6 24.6 46.3 46.7 39.9 42.4











































3.3 3.6 3.7 3.7 3.8 3.6 2.8 2.7 2.2 2.1 1.8
1.87 1.65 1.37 1.20 0.88 0.85 0.83 0.77 0.67 1.09
1.29 1.41 1.46 1.49 1.72 1.51 1.45 1.03 0.92 1.17
349 346 350 353 333 319 305 313 303 308
311 310 312 313 316 316 323 340 342 344
40.2 32.2 42.2 56.0 60.5 59.0 44.6 51.8 49.2 39.9
20.0 22.3 18.8 19.3 25.6 24.0 21.9 28.7 28.4 32.3
1.0 0.9 0.7 0.9 0.8 0.4 1.1 1.0 1.1 1.5
3.2 3.3 3.2 3.3 3.2 3.1 2.4 2.2 2.0-99.0
0.56 0.42 0.51 0.55 0.51 0.33 0.53 0.54 0.51 0.44
0.90 0.87 0.93 1.04 1.38 1.44 1.26 1.04 0.86 0.00
300 309 321 340 16 350 348 325 318 305
290 289 291 302 311 318 323 328 338 -99
41.9 42.4 56.9 46.4 50.8 70.9 39.5 43.7 45.3 36.3
17.6 19.1 17.8 19.3 19.1 24.2 26.7 24.3 24.5 0.0
1.6 1.5 0.8 0.8 1.1 1.4 1.3 1.1 1.7 1.5
3.1 3.5 3.4 3.5 3.5 3.4 3.1 3.0 2.5 2.3
0.93 0.85 0.57 0.41 0.39 0.59 0.54 0.54 0.81 0.65
0.69 0.85 1.07 1.30 1.26 1.61 1.48 1.89 1.81 2.02



































293 290 289 303 311 317 323 334 335 344 356
28.3 33.6 50.6 46.9 37.1 16.2 20.4 45.6 25.6 37.4
22.9 21.1 18.2 17.2 19.1 20.4 25.3 20.0 26.2 24.0
1.0 0.6 0.4 0.8 1.0 0.9 0.9 0.8 0.8-99.0
3.8 3.6 2.9 2.7 2.9 2.3 1.8 1.9 2.1 0.9
1.44 1.42 1.19 1.03 0.89 0.82 0.76 0.67 0.57 0.00
1.38 1.29 1.19 0.84 1.02 1.36 1.30 1.64 1.30 0.81
349 359 186 192 215 211 206 230 244 -99
248 260 283 291 294 301 301 335 331 330
67.0 73.7 63.4 51.2 44.3 52.3 61.8 59.6 60.6 0.0








1.3 1.7 1.6 1.4 1.0 1.1 1.2 1.0 1.3 2.5
4.9 2.2 1.9 2.2 2.3 2.2 2.2 2.1 1.6 0.7
0.63 0.81 0.67 0.89 0.78 0.56 0.75 0.86 0.91 0.94
1.87 0.69 0.76 0.74 0.48 0.73 1.01 0.73 0.64 0.39
64 96 97 114 119 110 114 132 346 320
320 294 280 280 314 338 348 349 348 349
46.5 31.2 35.0 40.5 50.2 38.9 40.5 58.2 51.4 32.7












































1.9 2.0 2.6 2.7 3.2 2.1 1.1 0.5 1.0
4.9 4.5 3.1 2.3 2.0 2.3 2.3 1.9 2.1
1.17 0.88 1.54 1.67 1.86 1.42 0.85 0.42 0.91
2.23 2.02 1.13 0.96 1.08 1.44 1.50 1.65 1.58
330 335 343 344 340 353 3 353 339
324 317 314 319 322 331 330 341 347
33.2 29.9 25.6 24.0 22.2 29.3 54.8 75.5 54.4









0.8 0.6 0.8 0.9 1.1 1.1 0.6 0.7 0.3
2.7 2.2 1.9 1.8 1.7 1.4 1.3 0.8 0.4
0.59 0.57 0.42 0.74 0.61 0.58 0.30 0.65 0.80
1.07 1.09 0.47 0.57 0.52 0.67 0.73 0.56 0.32
305 344 6 56 47 90 104 80 130
287 282 294 299 304 341 6 355 353
49.6 65.3 53.6 52.6 39.1 44.9 58.9 69.0 85.5









0.7 1.0 0.6 0.7 0.8 0.3 0.1 0.6 0.7
2.4 2.4 2.0 1.9 1.4 0.8 1.3 1.3 1.8
0.50 0.77 0.39 0.45 0.65 0.80 0.83 0.48 0.44






dir 112 110 76 24 35 152 270 209 358 36 337
313
310 307 282 288 301 317 23 47 55 62 46
333
sig 46.5 55.5 48.2 60.7 52.6 58.7 71.6 81.8 60.2 57.9 62.0
36.5
26.0 38.3 45.1 38.0 31.2 44.6 72.3 46.7 44.4 38.8 73.7
85.3
APPENDIX F. STRATUS EDGE BOUNDARIES
The approximate cloud edge for selected times is shown
in the figures and tables below. X and Y coordinates for
the cloud edge were obtained using the various landmarks in
the VBG region in conjunction with actual cloud edge from
GOES satellite photographs. A cubic spline, with tension
factor two, was used to approximate the curvature of the
cloud edge between the north-south data points. Only those
days/times for which a cloud edge was present over the
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SAMPLE GOES VISUAL IMAGES
1 8 MAY 1 6: 1 6Z
28 JULY 1 6:46Z
1 8 OCT 1 6: 1 6Z
338
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